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Carolyn,
Attached is a revised draft QAPP in response to your comments of 30 September 2015, a redline comparison to the
previous QAPP text, and facility responses to your 30 September comments narrative.
Elliot I. Steinberg, P.E., LSP
Brownfields Program Manager | Vice President
Haley & Aldrich, Inc.
465 Medford Street, Suite 2200
Boston, MA 02129-1400

T: (617) 886.7454
C: (617) 908.0354

www.haleyaldrich.com

From: Casey, Carolyn [mailto:Casey.Carolyn@epa.gov] 
Sent: Wednesday, September 30, 2015 1:18 PM
To: Ronald W. Ruth
Cc: Steinberg, Elliot; 'Joseph Salvetti'; Clough, Steve
Subject: RE: Revised Beverly, MA/QAPP
Please see attached responses.
Thanks
Carolyn
Carolyn J. Casey
U.S. Environmental Protection Agency
5 Post Office Square, Suite 100
Mail code OSRR 07-3
Boston, MA 02109-3912
P 617-918-1368
F 617-918-0368
casey.carolyn@epa.gov

From: Ronald W. Ruth [mailto:RWRuth@sherin.com] 
Sent: Friday, August 28, 2015 10:59 AM
To: Casey, Carolyn
Cc: 'Steinberg, Elliot'; 'Joseph Salvetti'; Clough, Steve
Subject: Revised Beverly, MA/QAPP

Carolyn, in response to your request please find a clean and a compare version of a revised draft QAPP for EPA’s
review. We look forward to your comments. Please note that the revised sampling locations will require additional
landowner access consents prior to commencement of that work.
Please call or email with any questions or comments.
Ron

mailto:ESteinberg@haleyaldrich.com
mailto:Casey.Carolyn@epa.gov
mailto:RWRuth@sherin.com
mailto:JSalvetti@fstinc.com
mailto:SClough@haleyaldrich.com
mailto:KAlepidis@haleyaldrich.com
http://www.haleyaldrich.com/
mailto:casey.carolyn@epa.gov
mailto:RWRuth@sherin.com
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USEPA Region 1 
Carolyn Casey 


RCRA Facility Manager 


Haley & Aldrich, Inc. 
 


Elliot I. Steinberg, P.E., LSP 
Program Director 


Field Activities/ 
Sampling 


  


Haley & Aldrich 
Titania Ng


Haley & Aldrich, Inc. 
 


Richard Rago  
Quality Assurance (QA) 


Officer 


Support Staff/CAD 
  


Haley & Aldrich 


Analytical Laboratory 
  


Alpha Analytical Labs 
James Todaro 
QA Officer 


Haley & Aldrich, Inc. 
 


Kenneth N. Alepidis, P.G. 
Project Manager 


Analytical Laboratory 
  


MicroVision Laboratories  
Jared A. Kelly 
QA Officer 
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Form B (continued) 
 
The project team consists of a Project Coordinator, Project Manager, Quality Assurance Officer (QAO), 
Laboratory QAO, Data Validation Staff, USEPA Region 1 Quality Assurance Reviewer (QAR), and various 
task  leaders  and  field  personnel.    The  organization  chart  above  shows  the  project  team.    Personnel 
responsibilities specifically related to Quality Assurance Project Plan (QAPP) activities are as follows: 
 
Elliot I. Steinberg – Program Director 
 
The Program Director will be responsible for administration and implementation of the project and has 
the  authority  to  commit  the  resources necessary  to meet project objectives  and  requirements.    The 
Program Director will be  the primary point of contact and control matters concerning the project and 
will also establish project policy and procedures to address the specific needs of the project as a whole, 
as well as the objectives of each task. 
 
The  Program  Director  will  provide  final  review  of  submittals  to  the  United  States  Environmental 
Protection  Agency  (USEPA)  and  will  participate  in  technical  meetings.    The  Program  Director  is 
responsible for overall technical quality and that the project meets the investigation’s objectives. 
 
Kenneth N. Alepidis ‐ Project Manager 
 
The Project Manager will assist the Project Coordinator in day‐to‐day project management.  The Project 
Manager  will  be  responsible  for  coordinating  field  activities  and  the  procurement  of  project 
subcontractors as necessary. Additional responsibilities include assisting in monitoring the progress and 
quality of  investigative collection, preparing and reviewing reports, and providing  technical support of 
project activities. 
 
Richard J. Rago ‐ Haley & Aldrich Quality Assurance Officer (QAO) 
 
The Quality Assurance Officer will be responsible for overseeing the review of field and laboratory data 
and will monitor the application and effectiveness of the QAPP by the analytical laboratory and the 
project staff.  Additional responsibilities include: 
 
 Conducting internal quality checks of the investigation activities and  
 
 Providing input to the Project Manager as to corrective actions required resulting from the 


above‐mentioned evaluations. 
 
Data Quality Assessment Staff 
 
The Haley & Aldrich QAO will be assisted by  internal data quality assessment  staff  in  the  review and 
evaluation  of  field  and  laboratory  generated  data.    The QAO  and  data  quality  assessment  staff will 
monitor the activities of the contract laboratory and assess whether the Data Quality Objectives (DQOs) 
for the project are met.   The data quality assessment staff will have sole responsibility for review and 
validation of the analytical laboratory data generated as part of this project.  The data quality  
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Form B (continued) 
 
assessment  staff will be professionals  independent  of  the  laboratory  and  familiar with  the  analytical 
procedures performed. 
 
The  data  quality  assessment  staff  will  utilize  the  USEPA’s  “Contract  Laboratory  Program  National 
Functional Guidelines  for  Superfund Organic Methods Data Review,” USEPA‐540‐R‐08‐01,  June  2008, 
and the USEPA’s “Contract Laboratory Program National Functional Guidelines for Inorganic Superfund 
Data  Review,”  USEPA  540‐R‐10‐011,  January  2010,  and  will  include  a  review  of  each  criterion  as 
prescribed by the guidelines and be presented in a Data Usability Summary Report (DUSR) for the review 
of each analytical data package. 
 
Carolyn Casey ‐ USEPA Region 1 RCRA Facility Manager 
 
The USEPA Region 1 RCRA Facility Manager is responsible for overview of this project.  This person also 
is responsible for submitting this QAPP and any subsequent revisions or amendments to the appropriate 
USEPA personnel for review and approval and for providing approval of the QAPP.  
 
USEPA Region 1 Quality Assurance Reviewer (QAR) 
 
The USEPA Region 1 QAR’s responsibilities will include: 
 
 Ensures that all environmental information collection activities are covered by appropriate 


quality system documentation; 
 
 Ensures that sampling and analytical methods for routine operations are documented through 


SOPs; 
 
 Assists in solving QA‐related problems. 
 
Field Quality Assurance Responsibilities 
 
The  Project Manager  or  his/her  designee  is  responsible  for  compliance with  field  quality  assurance 
requirements.  Personnel involved in field investigations and operations are responsible for performance 
of field activities as detailed  in this QAPP and  in compliance with the DQOs outlined  in this document.  
Each  staff  member  receives  mandatory  monthly  Health  &  Safety  training  sessions  and  will  take 
reasonable precautions to prevent injury to themselves and to their fellow employees and will promptly 
report any injuries, accidents and/or unsafe conditions to the Project Manager. 
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Form B (continued) 
 
Laboratory Responsibilities 
 
The specific responsibilities of laboratory personnel involved in the project are as follows: 
 
Laboratory Project Manager – Gina Hall (Alpha Analytical) and Jared A. Kelly (MicroVision Labs) 
 
The  Laboratory  Project Manager  will  report  directly  to  the  Haley  &  Aldrich  QAO  and  will  provide 
resources associated with the laboratory on an as‐required basis.  The Technical Representative will be 
responsible for  insuring the procedures for reviewing and signing the final  laboratory data reports are 
followed  including providing Case Narrative descriptions of data quality  issues encountered during the 
analyses conducted by the laboratory.  
 
Laboratory QA Officer – James Todaro (Alpha Analytical) and Jared A. Kelly (MicroVision Labs) 
 
The  Laboratory  QA  Designee  will  have  responsibility  for  review  and  validation  of  the  analytical 
laboratory data generated as a result of sampling activities. The QA Officer will also define appropriate 
QA procedures, and overview QA/QC documentation. 
 
The  Laboratory  QAO  and/or  Staff  will  conduct  internal  audits  of  the  laboratory  procedures  and 
recommend appropriate corrective actions.  The Laboratory QAO reports directly to President of Alpha 
and will provide written communications,  in the form of report narratives, to the Haley & Aldrich QAO 
for anomalies or corrective actions implemented that affect the reported results for the project. 
 
Sample Custodian – Alpha Analytical and MicroVision Staff 
 
The  laboratory  sample custodian will  receive and  inspect  the  incoming  sample containers,  record  the 
condition of the incoming sample containers and sign COC documentation.  The custodian will notify the 
project manager  of  non‐conformances  identified  during  sample  receipt  and  inspection  and  assign  a 
unique identification number to each sample.  After log‐in, the sample custodian will initiate transfer of 
the samples to appropriate laboratory sections and monitor access/storage of samples and extracts. 
 
Special Training/Certification Requirements 
 
Field sampling team members have received the 40‐hour Hazardous Waste Operations and Emergency 
Response  (HAZWOPER)  safety  training  and  annual  8‐hour  refresher  courses  required  by  29 CFR 
Parts 1910 and 1926.  Each subcontractor will be responsible for compliance of their personnel with the 
applicable training requirements. 
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Form C 
Problem Definition 
 
At the request of USEPA Region 1, an ecological risk assessment (ERA) will be conducted on Bass River 
intertidal sediments adjacent to the Former United Shoe Machinery (USM) Facility – South Parcel.  The 
Site locus is shown on Figure 1.  The goal of the ERA is to assess whether metals, potentially associated 
with  apparent  slag materials observed  along  the  shoreline of  the Retail Development  Portion of  the 
Former USM South Parcel (the Site), may be elevated in sediments.  The working hypothesis is that the 
levels  of metals would  be within  the  range  seen  in  upstream/reference  locations  (local  conditions).  
Bioavailability will also be considered  if acid volatile sulfides  in sediment exceed the sum of potentially 
toxic divalent metals. 
 
The  sediments  adjacent  to  the  Former  USM  Facility  ‐  South  Parcel  are  located  in  an  estuarine 
embayment  that  receives both  freshwater  from  an upstream  source  (Shoe Pond)  and  tidal  saltwater 
intrusion from a downstream source (Beverly Harbor).  We understand a Screening Level Ecological Risk 
Assessment  (SLERA) was previously conducted by others  for  the Upper and Lower Shoe Ponds of  the 
Former USM Facility ‐ North Parcel in response to US EPA 2020 Corrective Action initiatives.  This QAPP 
was developed following the preparation and submission to the EPA of a QAPP Data Summary Report, 
dated  31 May  2012,  an  EPA  Ecological  Checklist,  dated  18 October  2013,  and  a Human Health  Risk 
Evaluation, dated 29 October 2013.   
 
For the Former USM Facility ‐ South Parcel, a significant amount of information on the history, geologic 
conditions, and analytical data  (developed  in  the  late 1980s and early 1990s)  is available  in  the MCP 
Phase II – Comprehensive Site Assessment and Phase III – Final Remedial Response Plan.  In connection 
with the current 2020 Corrective Action program, the USEPA reported a “slag” layer observed within the 
northern bank of  the Bass River  adjacent  to  the  former USM drop  forge  location.    It  is  possible  the 
reported  slag may  contain  “clinkers”  from historical burning of  coal which may  also  contribute  trace 
metals.   
 
The USEPA had requested additional information to complete a Current Human Exposures Under 
Control Environmental Indicator Form (CA725), and to evaluate potential ecological risks due to erosion 
and potential mobilization of constituents of concern from the slag layer into the adjacent embayment.  
In 2012, Haley & Aldrich collected shallow soil and “slag” materials for chemical laboratory analyses.  
The sampling program was designed to collect representative materials from the coastal bank above the 
Mean High Water mark (El. 4.5), which corresponds to the property line.  Soil and “slag” samples were 
collected at six locations at approximately 100 ft intervals along the bank (El. 5 to 7).  Detected 
concentrations of metals and PAHs were consistent with levels commonly found in historic fill.  One soil 
sample indicated an anomalously high lead concentration.  Based on Scanning Electron Microscope and 
Energy Dispersive X‐ray Spectroscopy (SEM/EDS) analyses, the elevated lead concentration was 
concluded to be associated with red lead antifouling paint originating from long‐term use of the area as 
a yacht club, and not representative of the Site soil matrix.  Further inspection during a site inspection 
made to support the Ecological Checklist noted that the “slag” is a stony waste material that has 
undergone decades of substantial weathering. 
 
The tasks to be conducted under this QAPP are described in following sections.  It must be 
acknowledged that the sediments that are the subject of this QAPP are part of an abutting property that  
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Form C (continued) 
 


we understand is currently owned by the Bass Haven Yacht Club and that an access agreement is 
required for conduct of the field investigations described herein. 
 
Field Sampling and Analysis – Conduct a field sampling program to collect sediment and surface water 
samples for laboratory analyses.   
 
Sediment samples will be collected below the bank of the Bass River within the intertidal zone, along 
transects located in three separate areas at or adjacent to the site (Figure 2).  As presented in Figure 2, 
up to twenty‐two (22) sediment samples will be collected:  12 adjacent to the Site (from five transects – 
Site Transects S1 through S5), 2 adjoining the Bass Haven Yacht Club (one transect – Boat Transect S1), 
and 8 samples located along the opposite (southern) shoreline of the Bass River as a reference location 
(four transects – Reference Transects R1 though R4). 
 
Sediment samples will be submitted for  laboratory analysis of RCRA 8 metals as well as copper, nickel, 
and zinc (USEPA Methods 6010C and 7471B), and Acid Volatile Sulfides/Simultaneously Extracted Metals 
(AVS/SEM) according  to USEPA guidance evaluating  the bioavailability of metals mixtures  (EPA‐821‐R‐
91‐100).   
 
Six  sediment  samples will be  selected  adjacent  to  the  site will be  analyzed  for  red  lead by  Scanning 
Electron Microscopy  (SEM/EDS)  in  an  effort  to  distinguish  lead  from  of  boat  paint  residues.    These 
analyses will be performed by MicroVision Laboratories of Chelmsford, MA. 
 
Surface water samples will be collected at up to six (6) locations within the Bass River providing 
representative coverage in the vicinity of the sediment transects areas at or adjacent to the site (Figure 
2).  The surface water samples will be submitted for laboratory analysis of RCRA 8 metals as well as 
copper, nickel, and zinc by USEPA Methods (6010C/7470A).   
 
In addition to the collection of surface water samples for chemical analysis of metals, surface water will 
be monitored in situ for conventional water quality parameters: dissolved oxygen (DO), pH, 
temperature, salinity, and turbidity.  These data will be measured using a portable water quality sonde 
or a hand‐held data collection unit (YSI 600 series or equivalent).   
 
See the Form E Sampling Design for additional sampling details. 


 
QAPP Data Summary Report ‐ A Data Summary Report will be prepared following the conclusion of the 
investigations. 
 
The data report will provide a sample location plan, tabulate the results of the analytical testing, provide 
descriptive statistics of the data, and compare the analytical results to applicable regulatory criteria.  
The laboratory narrative will also be included.  The report will include a separate QA/QC section that will 
summarize data quality information presented in the DUSRs and provide an overall data quality 
assessment compared to the DQOs outlined in this QAPP.  The Haley & Aldrich Project Manager will be 
responsible for preparing the Data Summary Report.  
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Form C (continued) 
 
Metals in sediment will be compared to metal concentrations observed in the Reference Area(s) 
(background) as well as the appropriate sediment effect benchmarks.  Metals in surface water will be 
compared to National Recommended Ambient Water Quality Criteria.  The observations of the 
microscopy analyses (to differentiate lead in slag from of lead derived from antifouling paint residues) 
will also be presented.   
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Form D 
Project Description/Project Timeline 
 
Sediment and Surface Water Data Quality Objective (DQO) 
 
The sediment and surface water DQO is to determine the nature and extent of potential compounds of 
concern (metals) in the sediments adjacent to the property (below the mean high water mark but above 
the mean low water mark of the Bass River tidal inlet) to better inform the ecological assessment of the 
intertidal sediments. 
 
Sediment Investigation 
 
Proposed sediment sampling  locations are  illustrated on Figure 2.   Samples will be collected between 
the mean high water and mean  low water boundaries, along  transects  that  run perpendicular  to  the 
shoreline  in  three  separate areas.   These areas  include: adjacent  to  the Site, adjacent  to Bass Haven 
Yacht Club (boat yard area), and at a reference location on the opposite side of the Bass River.   
 
Up to twenty‐two (22) sediment samples will be collected and submitted for  laboratory analysis of the 
following:  
 
 RCRA 8 metals and copper, nickel, and zinc by USEPA Methods 6010C and 7471B 
 Acid Volatile Sulfides/Simultaneously Extracted Metals (AVS/SEM) according to USEPA metals 


mixtures (EPA‐821‐R‐91‐100).  
  


Up to six sediment samples will be analyzed for the type of lead compound(s) by Scanning Electron 
Microscopy (SEM/EDS).  This additional lead analysis will be performed in an effort to differentiate 
between lead from the slag and lead from boat antifouling paint residuals. 
 
The SEM/EDS lead analysis will be conducted on the two sediment samples collected from Boat Transect 
S1 locations (B‐S1‐A and B‐S1‐B) and on the two sediment samples collected from Site Transect S5 
locations (S5‐A and S5‐B).  Boat Transect S1 and Site Transect S5 are the two sampling transects located 
nearest to the boat yard.  The remaining SEM lead analyses will be conducted on samples with the two 
highest total lead concentrations detected collected from locations within the four remaining Site 
Transects. 
 
Surface Water Investigation 
 
Surface water samples will be collected at up to six (6) locations providing representative coverage in 
the vicinity of the sediment transects areas at or adjacent to the site.  The six surface water samples will 
be submitted for laboratory analysis of RCRA 8 metals plus copper, nickel, and zinc by USEPA Methods 
(6010C/7470A).  Conventional water quality measurements will be obtained in real time using a portable 
multimeter. 
 
Data Quality Assessment 
 
Following receipt of laboratory analytical data and laboratory quality assurance information, the  
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Form D (continued) 
 
analytical  results  will  be  reviewed  by  the  QAO  or  designee.    The  review  process  will  include  an 
assessment  for  completeness  to assess whether  the data are  consistent with  the SW‐846 Guidelines.  
The Haley & Aldrich QAO will determine that the required documents are present  in the data package 
from  the  laboratory,  initiate  requests  for missing  documentation,  and  also  evaluate  the  results  of 
applicable QA/QC samples such as Laboratory Matrix Spike, Matrix Spike Duplicate and field duplicates.  
A DUSR will be produced describing  the contents of  the data package and summarizing  the degree of 
compliance with expectations.  The DUSRs will be included in the Data Summary Report. 
           
Data Quality Assessment Summary 
 
The Data Summary Report will include a separate QA/QC section that will provide an overall data quality 
assessment compared to the data quality objectives outlined in this QAPP.  Data that do not meet the 
measurement performance criteria specified in this QAPP will be identified in the DUSRs and the impact 
on the project quality objectives will be assessed and discussed in the Data Summary Report.  Specific 
actions for data that do not meet the measurement performance criteria depends on the use of the 
data, and may require that additional samples be collected or the use of the data be restricted. 
 
Project Timeline 
 
The sediment and surface water sampling activities are proposed to be conducted within 30 days of EPA 
approval of  this QAPP, weather permitting.   The  summary  report will be  completed approximately 8 
weeks after site sampling activities are completed. 







 
 


 


11 


  Revision Number: 1 
  Page: 1 of 2 
 


Form E 
Sampling Design 
 
Shallow Sediment Sampling 
 
Sediment samples will be collected along the shoreline of the Bass River below the high water mark but 
above the mean low water line.  Up to twenty (20) sediment samples will be collected in the following 
locations 
 
 Site:  12 samples, along five transects (Site Transect s S1 through S5) adjoining the site 
 Boat Yard:  2 samples, along one transect (Boat Transect S1) adjoining the Bass Haven Yacht 


Club property 
 Reference: 8 samples along four transects (Reference Transects R1 though R4) located on the 


opposite side of the Bass River as a reference location 
 
Refer to Figure 2 showing a plan of the subject site and proposed sampling locations.   
 
Sediment samples will be collected by hand sampling using either a Lexan tube core sampler or a hand 
trowel at a depth  interval of 0 to 0.5 ft bss (below sediment surface).   Each  individual sample will be a 
composite of two cores that will be placed into a disposable pan and mixed to homogeneity to achieve a 
sample that is representative of the 0 ‐ 6 inch sediment depth interval.  A representative subsample of 
this  composited material will  be  placed  into  the  appropriate  laboratory  sampling  containers  for  the 
analyses to be conducted.   
 
Samples will be  submitted  for  laboratory analysis of  the  following: RCRA 8 metals as well as  copper, 
nickel,  and  zinc  by  USEPA  Methods  6010C  and  7471B,  and  Acid  Volatile  Sulfides/Simultaneously 
Extracted  Metals  (AVS/SEM)  according  to  USEPA  metals  mixtures  guidance  (EPA‐821‐R‐91‐100).  
Samples will be submitted for analysis at Alpha Analytical Laboratories in Westborough, Massachusetts.  
In  addition,  Haley  &  Aldrich  will  request  that  the  laboratory  achieve  analytical  reporting  limits 
sufficiently low for comparison to applicable ecological screening criteria.   
 
Based  on  the  number  of  proposed  sampling  transects  and  number  of  samples  at  each  location, we 
anticipate  collecting  approximately  22  sediment  samples.    In  accordance with  the  quality  assurance 
program, blind field duplicate samples will also be collected and analyzed as necessary to meet method‐
specific QA requirements.  Blind field duplicate samples for metals analysis will be identified at a rate of 
one duplicate per 20 samples or less, and will be obtained from the same material as the native sample 
and deposited  into a separate sampling container.   These blind duplicate soil samples will be collected 
from  parent  samples  and  submitted  as  separate  blind  samples where  the  “subsample  submitted  for 
analysis  with  a  composition  and  identity  known  to  the  submitter  but  unknown  to  the  analyst”. 
Laboratory Matrix Spike or Matrix Spike Duplicate analysis will be conducted on samples collected  for 
metals analysis at a rate of one duplicate per 20 samples or less.  For samples where Laboratory Matrix 
Spike  or Matrix  Spike  Duplicate  analysis  will  be  conducted,  additional  soil  sample  quantity  will  be 
obtained  from  the same material as  the native sample.   The additional soil material will be deposited 
into a separate sampling container and submitted for analysis.   
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Form E (continued) 


 
Six selected sediment samples will be analyzed for lead compounds by Scanning Electron Microscopy 
(SEM/EDS) in an effort to differentiate lead from slag vs. lead from antifouling paint residues.  The 
SEM/EDS lead analysis will be conducted on the two sediment samples collected from Boat Transect S1 
locations (B‐S1‐A and B‐S1‐B) and on the two sediment samples collected from Site Transect S5 locations 
(S5‐A and S5‐B).  Boat Transect S1 and Site Transect S5 are the two sampling transects located nearest 
to the boat yard.  The remaining SEM lead analyses will be conducted on samples with the two highest 
total lead concentrations detected collected from locations within the four remaining Site Transects. 
These analyses will be performed by MicroVision Laboratories of Chelmsford, MA. 
 
Surface Water Sampling 
 
Surface water samples will be collected at up to six (6) locations within Bass River providing 
representative coverage in the vicinity of the sediment transects.  The six surface water samples will be 
submitted for laboratory analysis of RCRA 8 metals and copper, nickel, and zinc by USEPA Methods  
(6010C/7470A).  Refer to Figure 2 showing a plan of the subject site and proposed sampling locations.   
 
One surface water sample will be collected from a location along each Site Transect adjacent to the site: 
3  located adjacent  to  the site, and one sample each upstream and downstream of  the site area.   The 
samples will be  collected  either during  an  incoming or outgoing  tide,  at  sampling  locations near  the 
shore (between “A” and “B” sediment sample locations on the transects).  Surface water samples will be 
collected at mid‐tide when the flow of the surface water is the strongest, and at approximate mid depth 
of the water column at time of sampling.   At time of sampling, the surface water sampling locations will 
be approached from into/against the stream flow, in an effort to minimize sediment disturbance at the 
sampling area. 
 
Surface water samples will be collected by using either a Beta bottle  (Van Dorn  type) grab sampler, a 
peristaltic  pump,  or  by  manually  placing  a  capped,  unpreserved  bottle  at  the  required  depth  and 
uncapping the bottle to collect water beneath the surface.  The bottle would then be capped below the 
surface before retrieval.   The sample will then be transferred  into the appropriate  laboratory sampling 
container for the analyses to be conducted.   
 
Samples will be submitted for laboratory analysis of the following: RCRA 8 metals in addition to copper, 
nickel,  and  zinc by USEPA Methods  (6010C/7470A).    Samples will be  submitted  for  analysis  at Alpha 
Analytical Laboratories  in Westborough, Massachusetts.    In addition, Haley & Aldrich will request  that 
the laboratory achieve analytical reporting limits sufficiently low for comparison to applicable ecological 
screening criteria.   
 
In addition to the collection of surface water samples for metals chemical analysis, water quality 
parameters, including dissolved oxygen, pH, temperature, salinity, and turbidity, will be measured using 
a field portable water quality sonde or hand‐held data collection unit (YSI 600 series or equivalent).  The 
water quality probe will be advanced to the same depth as the water sample collection, parameters will 
be allowed stabilize/equilibrate, and water quality readings will be recorded. 
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Form F‐1 
Method and SOP Reference Table 
 


Analytical Method Reference  Analytical SOP  Location 


Microwave Extraction  Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 3546 
Procedure No. SOP/02‐12 


Appendix A 


Acid Digestion of Sediments, Sludges, 
and Soils  


Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 3050B 
Procedure No. SOP/05‐07 


Appendix A 


Inductively Coupled Plasma –Atomic 
Emission Spectrometry 


Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 6010C 
Procedure No. SOP/06‐01 


Appendix A 


Mercury In Solid or Semisolid Waste  Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 7471B 
Procedure No. SOP/06‐03 


Appendix A 


Quality Systems Manual  Alpha Analytical, Inc. 
Document No. CQSM/01 


Appendix A 
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Form F‐1 (continued) 
 


Analytical Method Reference  Analytical SOP  Location 


     


Microscopic Analysis for Lead Paint 
Chips 


MicroVision Laboratories, Inc.
Standard Operating Procedure 
Procedure No. SOP/9‐9 
Issue No. 3 
 


Appendix B 


Microscopic Analysis for Coal, Coal 
Ash and Wood Ash 


MicroVision Laboratories, Inc.
Standard Operating Procedure 
Procedure No. SOP/05‐1 
Issue No. 3 


Appendix B 


 


Polarized Light Microscopy Analysis 


MicroVision Laboratories, Inc. 
Standard Operating Procedure 
Procedure No. SOP/05‐1 
Issue No. 1 


Appendix B 


 


Scanning Electron Microscope 
Analysis 


MicroVision Laboratories, Inc. 
Standard Operating Procedure 
Procedure No. SOP/10‐01 
Issue No. 1 


Appendix B 


 


Quality Control Manual 
MicroVision Laboratories, Inc. 
Issue No. 3 


Appendix B 
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Form F‐1 (continued) 
 


Sampling Method Reference  Sampling SOP  Location 


Operations Over, Near or On Water  Haley & Aldrich, Inc. 
Operating Procedure: OP1008 
“Operations Over, Near or On Water” 


Appendix C 


Preservation and Shipment of 
Environmental Samples 


Haley & Aldrich, Inc. 
Operating Procedure: OP3001 
“Preservation and Shipment of Environmental 
Samples” 


Appendix C 


Surficial Soil Sampling  Haley & Aldrich, Inc. 
Operating Procedure: OP3003 
“Surficial Soil Sampling” 


Appendix C 


Sediment Sampling  Haley & Aldrich, Inc. 
Operating Procedure: OP3004 
“Sediment Sampling” 


Appendix C 


Surface Water Sampling  Haley & Aldrich, Inc. 
Operating Procedure: OP3007 
“Surface Water Sampling” 


Appendix C 


Chain of Custody  Haley & Aldrich, Inc. 
Operating Procedure: OP3026 
“Chain of Custody” 


Appendix C 


Decontamination Procedure  Haley & Aldrich, Inc. 
Operating Procedure: OP3027 
“Decontamination Procedure” 


Appendix C 


Field Data Recording  Haley & Aldrich, Inc. 
Operating Procedure: OP3029 
“Field Data Recording” 


Appendix C 


Field Instruments Use Calibration  Haley & Aldrich, Inc. 
Operating Procedure: OP3030 
“Field Instruments Use Calibration” 


Appendix C 
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Form F‐2 
Sampling and Analytical Methods Requirements 
 


Parameter  Matrix 
# of Field Samples 


(duplicates) 
Analytical Method 


Sampling 
SOP 


Containers 
Preservation 
Requirements 


Holding Times 


RCRA 8 Metals 
plus copper, 


nickel, and zinc 


Sediment  22 (1‐3)  Extraction: USEPA 
Method 3050B  


Chemical Analysis: 
USEPA Methods 
6010C/7471B 


Appendix C 4 oz amber glass jar
unpreserved 


cool 4o c 28 days (Hg) 180 days 
(other Metals) to 
extraction; 28 days 
(Hg) 180 days (other 
Metals) to analysis 


Acid Volatile 
Sulfides / 


Simultaneously 
Extracted Metals  


 


Sediment  22  USEPA 6020A  Appendix C 4 oz amber glass jar 
unpreserved 


cool 4o c 14 days


Red lead  Sediment/Slag  6  Scanning Electron 
Microscopy (SEM/EDS) 


Appendix C 8 or 16 oz glass jar None None specified 


     


     


RCRA 8 Metals 
plus copper, 


nickel, and zinc 


Surface Water  6  Extraction: USEPA 
Method 3050B  


Chemical Analysis: 
USEPA Methods 
6010C/7470A 


Appendix C Plastic 500ml HNO3 
preserved 


cool 4o c, HNO3 
preserved 


28 days (Hg) 180 days 
(other Metals) to 
extraction; 28 days 
(Hg) 180 days (other 
Metals) to analysis 
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Form G 
Preventive Maintenance – Field Equipment 
 


 Instrument   Activity    Frequency 


Water quality sonde 
 
 
Beta Bottle water sampler 
 
Peristaltic Pump 


Water quality 
monitoring 
 
Surface water sampling 
 
Surface water sampling 


During surface water sampling 
 
 
During surface water sampling 
 
During surface water sampling 
 


 
The field equipment for this project includes a field‐portable water quality meter that measures, pH, 
temperature, specific conductivity, ORP, DO, and turbidity, and surface water samplers (beta bottle, 
peristaltic pump and/or 1 L amber bottle).  Specific maintenance procedures or calibration instructions 
to be followed for field equipment are those recommended by the manufacturer.   
 
Field measurements of ambient surface water quality parameters (above) will be taken before samples 
are obtained for metals. Standard Operating Procedures (SOPs) for the field measurements are provided 
herein. 
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Form H 
Calibration and Corrective Action – Field Equipment 
 


Instrument  Activity  Frequency 
Acceptance 
Criteria 


Corrective Action 


Water quality 
sonde 
 


Water quality 
monitoring 


Day before surface 
water sampling 


Per manufacturers 
recomendations 


Per 
manufacturers 
recomendations 


 
Field equipment will be inspected and tested prior to being shipped to the field.  Prior to use in the field, 
the equipment will be calibrated by the vendor, and any performance information will be recorded in 
the field logbook or daily field form.  Any required maintenance will be performed and documented 
prior to the equipment being returned to service.  Maintenance logs for field equipment will be kept in 
the field equipment files.  Critical spare parts for field equipment and replacement field equipment will 
be available, or delivered to the field, if necessary.  Alternately, field equipment vendors can provide 
replacement equipment if needed.  Equipment will be calibrated daily, prior to use.  
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Form I 
Preventive Maintenance – Laboratory Equipment 
 


Instrument  Activity  Frequency 


GC  Injection port septa changed   As needed.  


GC  Injection port changed.  If response varies or as needed. 


GC  Replace septa.  Weekly or as needed. 


GC  Replace injection port liner.  When standard degradation is evident 


GC  Replace injection port O‐rings.  When liner is replaced. 


GC  Replace column ferrules  When cutting the column 


GC purge and  
trap system 


Replace the trap.  If varying surrogate and analyte response or 
excessive analyte carry over. 


GC/MS  Internal service technician  services 
instrument, vacuum and diffusion pumps 


As needed due to mechanical failure or 
chromatography degradation. 


GC/MS  Air and water leak check  Following any instrumental maintenance and 
if high baseline or poor instrument response. 


MS  Clean MS source  Every six months or when needed due to 
poor response or failed tune criteria. 


MS  Replace MS filament  During scheduled preventive maintenance or 
as needed. 


ICP  Replace / acid wash nebulizer  If response factor observed is below 
standard conditions 


ICP  Acid rinse pump lines  Daily. 


CVAA  Replace / acid wash   Daily 
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Form J 
Calibration and Corrective Action – Lab Equipment 
 


Instrument  Activity 
List Maintenance, Testing 
and Inspection Activities 


Frequency of
Calibration 


Acceptance
Criteria 


Corrective 
Action (CA) 


Person Responsible
for CA 


Method/SOP 
Reference 


GC/MS 
(SVOA) 


Tune  Analysis of DFTPP  Prior to calibration and 
each 12 hour period 


See SOP: 
Section 9.1.2 
and Table 1 


Re‐analyze 
DFTPP 


Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D‐SIM /  
SOP 03‐04 


GC/MS 
(SVOA) 


Initial 
Calibration 


Analysis of minimum of 5 points 
for calibration curve 


Prior to sample 
analysis, then as 


needed 


See SOP: 
Section 9.2 


Re‐calibrate 
per SOP 


Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D‐SIM / 
SOP 03‐04 


GC/MS 
(SVOA) 


Continuing 
Calibration 


Analysis of mid‐level standard to 
confirm instrument linearity 


Prior to sample analysis 
following tune and 
each 12 hour period 


See SOP: 
Section 9.3 


Re‐calibrate 
per SOP 


Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D‐SIM /  
SOP 03‐04  


GC/MS 
(SVOA) 


General 
Instrument 
Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to HP 


As necessary  N/A  N/A  Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D‐SIM /  
SOP 03‐04 


Stereo 
Microscope 


General 
Instrument 
Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to 
manufacturer 


As necessary  N/A  N/A  Jared A. Kelly 


MicroVision Labs 


Quality 
Control 
Manual 


Scanning 
Electron 


Microscope 


General 
Instrument 
Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to 
manufacturer 


As necessary  N/A  N/A  Jared A. Kelly 


MicroVision Labs 


Quality 
Control 
Manual 


Polarized 
Light 


Microscope 


General 
Instrument 
Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to 
manufacturer 


As necessary  N/A  N/A  Jared A. Kelly 


MicroVision Labs 


Quality 
Control 
Manual 
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Form K 
Sample Handling and Custody Requirements 
 
The procedures for sample handling,  labeling, shipping, and chain of custody (COC) documentation are 
provided in the subsections that follow.  Form F‐2 contains sample container, preservation and holding 
time requirements. 
 
A.  Sample Handling 
 
The  procedures  used  to  collect  and  label  the  investigation  samples  are  provided  in  this QAAP.    The 
sample numbering system for the project has been designed to uniquely identify each sample from each 
sampling program and event. 
 
 Example Sample Name:  ID‐MMDDYY‐HHMM 


 
 Dashes must separate each code section.  


 
 ID ‐ The first code section represents the sample location’s predetermined ID or the four‐digit 


Haley & Aldrich employee ID number of the person that collected the sample (for duplicate or 
blank samples).  For employees with two or three numbers in their employee ID number, zeros 
will be added in the front so that the section code contains four numbers. 
 


 MMDDYY ‐ The second code section represents the six digit date that the sample was collected.  
One digit days, months, and/or years will be preceded with a zero (i.e., 070501).  There should 
be NO slashes, dashes, or periods in the date.  The date code should match the sample date 
recorded on the chain of custody. 
 


 HHMM ‐ The third code section represents the time that the sample was collected, in military 
time. One‐digit times will be preceded with a zero (i.e., 0101).  There should be NO colons, 
slashes, dashes, or periods in the time.  The time code should match the sample time recorded 
on the chain of custody. 


 
For samples collected as MS/MSD, the ID and date codes will be assigned as described above.  The time 
code will be replaced with the sample code, either MS or MSD. 
 
For samples collected as Field Duplicates,  the  ID and date codes will be assigned as described above.  
The  time  code will  be  replaced with  a  sample  number;  0001  for  Field Duplicates.    This will  simplify 
sample naming for the QA/QC samples and avoid  identifying the parent sample for duplicates.   Parent 
samples will be identified on the Sample Key. 
 
The chain‐of‐custody and sample bottle labels must match and be labeled exactly as detailed above for 
proper entry into data management tools.   
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Form K (continued) 
 
The naming convention described above does not associate samples with the  location from which the 
sample was collected.  Therefore, a Sample Identification Key will be used to associate the sample name 
with  the  sample  location.    The  Sample  Identification  Key will  be  updated  upon  completion  of  each 
sample and will contain additional  information regarding  the sample.   The  information on  the Sample 
Identification Key will exactly match  information on sample bottles and the COC (i.e. date, time, etc.).  
One Sample  Identification Key will be  completed  for each COC and will be  submitted  to  the Haley & 
Aldrich Project Manager. 
 
Information  regarding  the  sample matrix,  sampler, date,  time,  location, depths  (if applicable),  sample 
type,  parent  sample  (if  applicable)  and  other  relevant  information will  be  recorded  on  the  Sample 
Identification Key. 
 
Samples will be placed in shipping coolers containing ice immediately following collection. The samples 
will be shipped to the laboratory by the laboratory courier.  The only exception to this procedure will be 
for  samples collected after  the  courier has picked up  the  shipment  for  the day.    In  this  instance,  the 
samples will  be  shipped  on  the  next  business  day.  The  laboratory will  group  the  samples  in  sample 
delivery groups.   A  sample delivery group  is a group of 20 or  fewer  field  samples  (including  field QC 
samples) received by the laboratory within seven (7) calendar days. 
 
B.  Sample Custody 
 
Custody of a sample begins when it is collected by or transferred to an individual and ends when that 
individual relinquishes or disposes of the sample.  A sample is under your custody if: 
 
1. the item is in actual possession of a person; 
 
2. the item is in view of the person after being in actual possession of the person; 
 
3. the item was in actual possession but is stored to prevent tampering; or 
 
4. the item is in a designated and identified secure area. 
 
C.   Field Custody Procedures 
 
The quality of data can be affected by sample collection activities.  If the integrity of collected samples is 
in question, the data, regardless of its analytical quality, will also be in question.  Field sampling standard 
operating  procedures  will  provide  for  the  collection  of  samples  representative  of  the matrix  being 
investigated.   
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Form K (continued) 
 
The following procedures will be used to maintain the integrity of the samples: 
 
 Upon  collection,  samples  are  placed  in  the  proper  containers  (Form  F‐2  contains  sample 


container, preservation and holding time requirements). 
 


 Samples will be assigned a unique sample number and will be affixed  to a  sample  label.   The 
information to be placed on the sample label includes: the sample ID number, the sample type, 
the  sampler's  name,  date  collected,  preservation  technique  (as  applicable),  and  analytical 
parameter  and method  to  be  performed.    Information  on  the  labels will  be  completed with 
indelible ink. 


 
 Samples will be properly and appropriately preserved by  field personnel  in order  to minimize 


loss of the constituent(s) of interest due to physical, chemical or biological mechanisms. 
 
 Appropriate volumes will be collected so that method or contract required detection  limits (or 


quantification  limits) may be obtained and that the required  level of quality control relative to 
both precision and accuracy may be completed. 


 
 A COC record will be completed during sample collection.  The COC records will accompany the 


samples to the laboratory.  The field personnel collecting the samples will be responsible for the 
custody of  the samples until  the samples are  relinquished  to  the  laboratory.   Sample  transfer 
will  require  the  individuals  relinquishing and  receiving  the samples  to sign, date and note  the 
time of sample transfer on the COC record. 


 
 Samples will  be  shipped  or  delivered  in  a  timely  fashion  to  the  contract  laboratory  so  that 


holding‐times and/or analysis times as prescribed by the methodology can be met. 
 
 Samples will  also be  transported  in  containers  (coolers) which will maintain  the  refrigeration 


temperature  for  those  parameters  for  which  refrigeration  is  required  in  the  prescribed 
preservation protocols. 


 
Field personnel will keep written records of field activities on applicable preprinted field forms or  in a 
bound  field notebook.   These  records will be written  legibly  to  record  field data  collection activities. 
Field logbooks will be bound field survey books or notebooks with consecutively numbered pages.  
 
The title page of each logbook will contain the following information: 
 
 person to whom or task for which the logbook is assigned; 
 project number; 
 project name; 
 the starting date for entries into the logbook; and 
 the ending date for entries into the logbook. 
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Form K (continued) 
 
Logbook  entries will  be made  in  ink,  signed  and  dated.    If  an  incorrect  logbook  entry  is made,  the 
incorrect  information will be crossed out with a  single  strike mark,  initialed and dated by  the person 
making the correction.  The correct information will be entered into the logbook adjacent to the original 
entry.   Whenever a  sample  is collected, a detailed description of  the  location will be  recorded  in  the 
logbook or standard field form.  Photographs taken at a location, if any, will also be noted in the logbook 
or  standard  field  form.    The  equipment  used  to  collect  samples,  time  of  sample  collection,  sample 
description, volume, number of containers and preservatives added  (if applicable) will be  recorded  in 
the field logbook or standard field form.  
 
D.  Laboratory Custody Procedures 
 
The  laboratory  COC  procedures  will  be  based  upon  the  National  Enforcement  Investigation  Center 
(NEIC) policies and procedures  (USEPA‐330/9‐78‐001‐R).  It will be  the  responsibility of  the  laboratory 
sample custodian  to  receive  the  incoming  samples.   Once  received,  the custodian will document  that 
each sample is received in good condition (i.e., unbroken, cooled, etc.), that the associated paperwork, 
such as COC forms, have been completed and will sign the COC forms.    In special cases, the custodian 
will document from appropriate sub‐samples that COC with proper preservation has been accomplished.  
The  custodian will  also  document  that  sufficient  sample  volume  has  been  received  to  complete  the 
analytical  program.    Sample  containers will  be  stored  in  the  Custody Room  at Alpha  Laboratories  in 
refrigerators, freezers, or in specific refrigerators and shelves in some of the Laboratory areas. Utilizing 
the  Laboratory  Information Management System  (LIMS),  sample  containers may be  transferred  to an 
Individual’s  Department,  back  to  Custody,  or  to  Sample  Archive.  The  temperatures  of  the 
refrigerators/freezers are checked and recorded on a daily basis to ensure that temperatures are being 
maintained. 
 
Consistent with the analyses requested on the COC form, analyses by the contract laboratory's analysts 
will begin  in accordance with  the appropriate methodologies.    Samples will be  removed  from  secure 
storage only after internal COC sign‐out procedures have been followed.  Upon completion of the entire 
analytical work effort, samples will be disposed by the sample custodian.   The samples will be held at 
least  thirty  (30)  days  after  reports  have  been  submitted.    Disposal  of  remaining  samples  will  be 
completed in compliance with pertinent regulations. 
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Form K (continued) 
 
E.  Final Evidence Files Custody Procedures 
 
The final evidence file for the project will be maintained by Haley & Aldrich and will consist of the 
following: 
 
 Project plan; 
 Project log books; 
 Sample identification documents; 
 COC records; 
 Correspondence; 
 References, literature; 
 Final laboratory reports; 
 Miscellaneous ‐ photos, maps, drawings, etc.; and 
 Final reports. 


 
The final project file materials will be the responsibility of the Haley & Aldrich Project Manager. 
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Form L 
Analytical Precision and Accuracy 


SEDIMENT 


Analyte    ‐ 
Media 


Analytical 
Method 


Ecological Screening Criteria (mg/kg) 
Method 
Detection 


Limits (mg/kg) 


Reported 
Detection 
Limits 


(mg/kg) 


Analytical 
Precision 


Analytical 
Accuracy/Bias 


   
NOAA Effect 


Range‐Low (ERL) 
NOAA Effect Range‐


Median (ERM) 
       


RCRA 8 Metals, 
copper, nickel, 


zinc  


‐sediment  


USEPA 
6010C 


As: 8.2 


Ba: NA 


Cd: 1.2 


Cr(III): 81 


Pb: 46.7 


Se: NA 


Ag: 1 


Cu: 34 


Ni: 20.9 


Zn: 150 


As: 70 


Ba: NA 


Cd: 9.6 


Cr(III): 370 


Pb: 112 


Se: NA 


Ag: 3.7 


Cu: 270 


Ni: 51.6 


Zn: 410 


As: 0.08 


Ba: 0.12 


Cd: 0.028 


Cr: 0.08 


Pb: 0.08 


Se: 0.8 


Ag: 0.4 


Cu: 0.08 


Ni: 0.16 


Zn: 0.28 


As: 0.4 


Ba: 0.4 


Cd: 0.4 


Cr: 0.4 


Pb: 2 


Se: 0.8 


Ag: 0.4 


Cu: 0.4 


Ni: 1 


Zn: 2 


Refer to 
SOP: Table 2 


Refer to SOP: 
Table 2 


Mercury 


–sediment 


USEPA 
7470A 


0.15  0.71  0.0169  0.08  < 20% RPD  Refer to SOP: 
Section 9 


 
Acid Volatile 
Sulfides / 


Simultaneously 
Extracted 
Metals  


– sediment 


 


USEPA 
6020A 


 


130 umole/gram 
TOC 


 


‐ 


 


 


(umole/gram) 


AVS: 0.312 


Cd: 0.000557 


Cu: 0.003831 


Pb: 0.001209 


Ni: 0.001528 


Zn: 0.007437 


 


(umole/gram) 


AVS: 0.624 


Cd: 0.00178 


Cu: 0.0157 


Pb: 0.00966 


Ni: 0.034 


Zn: 0.0306 


 


< 20% RPD 


 


Refer to SOP: 
Section 9 
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Form L (continued) 


 
SURFACE WATER 


Analyte    ‐ 
Media 


Analytical 
Method 


Ecological Screening Criteria 
(mg/l) 


Method 
Detection 


Limits (mg/l) 


Reported 
Detection 
Limits 


(mg/l) 


Analytical 
Precision 


Analytical 
Accuracy/Bias 


   
USEPA NRWC 


Saltwater CCC 
         


RCRA 8 
Metals, 


copper, nickel, 
zinc 


‐surface water 


USEPA 
6010C 


As: 0.036 


Ba: NA 


Cd: 0.0088 


Cr(III): NA 


Pb: 0.0081 


Se: .071 


Ag: NA 


Cu: 0.0031 


Ni: 0.0082 


Zn: 0.081 


  As: 0.002 


Ba: 0.003 


Cd: 0.0007 


Cr: 0.002 


Pb: 0.002 


Se: 0.003 


Ag: 0.002 


Cu: 0.002 


Ni: 0.004 


Zn: 0.007 


As: 0.005 


Ba: 0.01 


Cd: 0.005 


Cr: 0.01 


Pb: 0.01 


Se: 0.01 


Ag: 0.007 


Cu: 0.01 


Ni: 0.025 


Zn:0.05 


Refer to 
SOP: Table 


2 


Refer to SOP: 
Table 2 


Mercury 


‐surface water 


USEPA 
7470A 


0.00094    0.000066  0.0002  < 20% RPD  Refer to SOP: 
Section 9 


 
References: 
NOAA Screening Quick Reference Table for Inorganics in Sediment. 
http://response.restoration.noaa.gov/environmental‐restoration/environmental‐assessment‐tools/squirt‐cards.html 
USEPA, National Recommended Water Quality Criteria (NRWQC) Saltwater CCC, available at 
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm







 


 


28 


              Revision Number: 1 
   Page: 1 of 1 
 


Form M‐1 
Field Quality Control Requirements 
 


QC Sample  Frequency  Acceptance Criteria  Corrective Action 


Field duplicate  At least 5% metals 
samples 


%Recovery 75‐125 LCL/UCL; 


<50% RPD 


Qualify results as appropriate; 
evaluate results for sample 
homogeneity and matrix 
interference 
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Form M‐2 
Laboratory Quality Control Requirements 
 


QC Item  Frequency  Methodology  Acceptance Criteria  Corrective Action 


Method Blank  One per 
extraction/digestion 
batch of 20 samples or 
less 


Method blank is subjected to 
same reagents and 
procedures as a field sample 


No target analytes above the 
QL  
 


Investigate source of contamination.  
Reanalyze for confirmation. 
If samples are < QL, report with narrative.  
If samples > QL, re‐extract/digest and/or re‐
analyze if sufficient volume. 


Laboratory Matrix 
Spike or Matrix 
Spike Duplicate 


1 per batch of 20 
samples or less, where 
applicable   


Second aliquot of field sample 
is prepared/analyzed or 
second aliquot of field sample 
is spiked with known 
concentration of analyte(s) 


Metals: See SOP: Table 2  If RPD criteria is exceeded, evaluate matrix, 
reanalyze or report w/narrative. 
 
For % recovery, refer to corrective action for 
matrix Spikes. 


Laboratory Control 
Sample or 
Laboratory Control 
Sample Duplicate 


One per 
extraction/digestion 
batch of 20 samples or 
less 


Reagent Water or blank 
matrix is spiked with known 
concentration of analyte(s) 


Metals: See SOP: Table 2  Re‐analysis of LCS for confirmation. 
If LCS %R are high but sample results are <QL, 
narrate. 
If LCS %R is below criteria, re‐extract or re‐
digest entire batch. 


Surrogates  Added to every sample, 
blank and standard 
prior to sample analysis 


Known concentrations of non‐
target analytes added to each 
sample for Organic analysis 


PAHs: See SOP: Table 2 
 


If surrogate(s) are above criteria and sample 
is non‐detect for all target analytes, report 
original analysis with narrative. 
If not, re‐analyze or re‐extract and reanalyze 
sample and report with narrative. 


Internal Standards 
(ISs) 


Added to every sample, 
blank and standard 
prior to sample analysis, 
where applicable 


Known concentrations of non‐
target analytes added to each 
sample for organic analysis 
performing  internal standard 
calibration 


Area within 50‐200% and RT 
within 0.5 min of IS in 
associated Calibration 
Standard 
 


Re‐analysis of sample(s) as per requirements 
of applicable SOP if sample volume is 
available and within method‐required 
holding time. 
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Form M‐2 (continued) 


 
QC Item  Frequency  Methodology  Acceptance Criteria  Corrective Action 


Internal References 
and Standards  


Reviewed as necessary  MicroVision Laboratories, Inc. 
has compiled a number of 
internal standards covering 
the main particle types 
examined for in this analysis, 
as well as the typical look 
alike nonexempt materials. 


The data collected from these 
standards, as well as the data 
in our in house reference 
books (i.e. The Particle Atlas 
by McCrone/Delly), serve as 
our internal references and 
standards. 


Analyst oversight and 
interpretation of direct data 
always offers a potential 
source of errors in data. In 
order to minimize the 
potential for these errors, all 
sample reports are 
examined by at least one 
other analyst before results 
are released to a client. 
Additionally, procedure for 
any new analysis is 
supervised and duplicated 
by another analyst and/or 
management officer before 
data is released or reported. 
Analysts are encouraged to 
cross check their findings 
with other analysts to 
ensure that proper 
interpretation of direct data 
is attained, and that there 
are no significant factors 
that might allow for 
alterations or contamination 
of data. 


In the event that internal quality assurance 
methods are insufficient, it is possible that 
data that is incorrect or does not accurately 
represent the metrics desired by the client 
might be released. Should this be brought to 
the attention of MicroVision Labs, the 
original samples will be re‐prepared where 
possible. Additional analysis of the samples 
will then be undertaken, with the 
instrumentation used in the analysis being re‐
calibrated where appropriate. Two analysts 
will oversee the re‐analysis of the sample. 
Both the original issue with the reported data 
and the subsequent re‐analysis will be 
overseen by the involved analysts, as well as 
a representative of management. A revision 
to the data or reporting will be documented, 
with the original copy maintained. The 
revision will be dated, and the discrepancies 
or findings clearly enumerated therein. Any 
procedural improvements or insights gained 
through this exercise will be communicated 
to the client, as well as documented and 
examined at quality improvement meetings. 
Any quality concern will not be considered 
resolved until both management and the 
impacted clients are completely satisfied that 
the issue has been resolved, both for that 
issue and for any potential subsequent 
analysis. 
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Form N 
Data Management Documentation 


 
When applicable, data will be transferred to electronic format through a variety of software packages 
and tools.  The following summarizes the electronic data management procedures and associated 
QA/QC: 
 
 Soil sampling logs will be transferred to electronic log forms that will be checked against field‐


generated information and edited accordingly.  
 
 Exploration locations and elevations will be checked by hand level against existing topographic 


plans upon completion of the field program for transfer to the Site Plan. 
 
 Chemical data will be transferred electronically from the laboratory to the project team.  Data 


and corrections that require manual entry will be checked against the printed versions of the 
chemical analysis reports provided by the laboratory.  
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Form O 
Assessment and Response Actions 
 
Assessments consisting of  internal and external audits may be performed during the project.    Internal 
audits will be conducted to verify that sampling and analyses are being performed  in accordance with 
the  procedures  established  in  this QAPP.    External  field  and  laboratory  audits may be  conducted  by 
USEPA. 
 
Internal audits of  field activities will  include the review of sampling procedures conducted by Haley & 
Aldrich staff to verify that specified procedures are being followed.  Field audits will be performed by the 
QAO or his designee.  An internal field audit will be conducted during the sampling event.  The audit will 
include examination of the following: 
 
i) Field sampling records; 
ii) Sample collection; 
iii) Handling and packaging in compliance with procedures; 
iv) Maintenance of QA procedures; and 
v) COC reports. 
 
Corrective action  resulting  from  the  internal  field audit will be  implemented promptly  if data may be 
adversely affected due to unapproved or improper use of approved methods.  The QAO or designee will 
identify deficiencies and  recommended corrective action  to  the Project Manager.   The  field  team will 
perform implementation of corrective actions, if necessary.  Corrective action will be documented in the 
field logbook and/or the project file.   
 
USEPA Region 1, any  time during  the  field operations, may conduct an external  field  technical system 
audit.    These  audits may  or may  not  be  announced  and  are  conducted  at  the  discretion  of  USEPA 
Region 1.  External  audits will  be  conducted  as  required,  by  appropriate QA  personnel  of  the USEPA 
Region 1 and may be conducted at  least once prior to sampling and analysis activities.   External audits 
may include of the following: 
 
i) Review of laboratory analytical procedures; 
ii) Laboratory on‐site visits; and/or 
 
Failure of any of the above audit procedures can lead to laboratory disqualification. An on‐site review 
can consist of: 
 
i) Sample receipt procedures; 
ii) Custody, sample security, and log‐in procedures; 
iii) Review of QA procedures; 
iv) Review of log books; 
v) Review of analytical SOPs; and/or 
vi) Personnel interviews. 
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Form O (continued) 
 
A review of a data package from samples recently analyzed by the laboratory can include (but not be 
limited to) the following: 
 
i) Comparison of resulting data to the SOP or method; 
ii) Verification of initial and continuing calibrations within control limits; 
iii) Verification of surrogate recoveries and instrument timing results; 
iv) Review of extended quantitation reports for comparisons of library spectra to instrument 


spectra, where applicable; and or 
v) Assurance that samples are prepared and analyzed within holding times. 
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Form P 
Project Reports 
 
A Data Summary Report will be prepared following the conclusion of the investigations.  The data report 
will provide a  sample  location plan,  summarize  the  results of  the analytical  testing, provide  summary 
statistics  of  the  data,  and  compare  the  analytical  results  to  applicable  standards.  The  laboratory 
narrative will also be included.   
 
The report will include a separate QA/QC section that will summarize data quality information presented 
in  the DUSRs and provide an overall data quality assessment  compared  to  the DQOs outlined  in  this 
QAPP.  
 
The  Haley  &  Aldrich  Project  Manager  will  be  responsible  within  the  organizational  structure  for 
preparing the Data Summary Report. 
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Form Q‐1 
Evaluation of Sampling Procedures 
 
The sampling procedures will be recorded  in the field on the designated field data sheets and/or field 
notebooks.  The field data sheets will be reviewed by the Project Manager and QAO to determine that 
proper documentation of sample identification, source, date and time of sampling, sampling equipment 
utilized, name(s) of persons performing the sampling and field observations is provided. 
 
Sample handling procedures will be recorded on the chain of custody form.  The chain‐of custody forms 
will be reviewed by the Project Manager and QAO to determine that proper documentation of sample 
identification and sampling date; number,  type and size of containers; preservatives used,  if any; and 
signatures is provided. 
 
The  field  team will be  in daily  contact with  the Project Manager  to discuss  sampling procedures and 
events and any deviations from Operating Procedures. 
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Form Q‐2 
Data Evaluation and Validation 
 
Laboratory  data will  be  reviewed  under  the  direction  of  the QAO.    Field  data  and  logbooks will  be 
reviewed  to determine whether  the  requirements of  the  sampling program,  including  the number of 
samples  and  locations,  sample  collection  procedures,  and  sample  handling, were  fulfilled  and  are  in 
compliance  with  the  requirements  of  this  QAPP.    If  alternate  sampling  procedures  were  used,  the 
acceptability of the procedure will be evaluated to determine the effect on the usability of the data. 
 
Sample handling records will be reviewed  to determine whether sample  integrity has remained  intact 
from collection  to  laboratory  receipt and  that samples were properly preserved.   COC documentation 
and sample condition upon  laboratory receipt will be reviewed.   The data from samples for which the 
COC or sample identification cannot be confirmed may be rejected.  The data for samples that were not 
properly preserved may be qualified or  rejected depending on  the  severity of  the deviation  from  the 
requirements of this QAPP.  Data qualification will be consistent with the action specified in the National 
Functional Guidelines.   Laboratory data will be reviewed to confirm that the methods used to analyze 
the  samples  were  consistent  with  the  requirements  of  this  QAPP.    QC  data  will  be  reviewed  to 
determine compliance with the acceptance criteria specified in this QAPP.  QC data that do not meet the 
acceptance criteria will result in sample data qualification.  
 
Evaluation and Validation Methods 
 
The  completeness  of  each  data  package  will  be  determined  under  the  direction  of  the  QAO.  
Completeness  checks will  be  administered  on  the  data  to  determine whether  required  deliverables 
specified in the QAPP are present.  At a minimum, deliverables will include sample COC forms, analytical 
results, QC summaries and supporting raw data from  instrument printouts.   The review will determine 
whether required items are present and request copies of missing deliverables. Data quality assessment 
of  the analytical data will be performed by  the QAO or  the designee based on  the evaluation criteria 
outlined  in  "USEPA  Contract  Laboratory  Program  National  Functional  Guidelines  for  Organic  Data 
Review", USEPA 540/R‐99/008, October 1999, "USEPA Contract Laboratory Program National Functional 
Guidelines  for  Inorganic  Data  Review",  USEPA 540/R‐01‐008,  July  2002.    The  evaluation  and  action 
criteria  specified  in  these  documents  will  be  used  for  further  qualification  of  the  data.  Qualifiers 
assigned to the data will be consistent with those specified in the National Functional Guidelines. 
 
Data quality assessment will be performed using the laboratory quality control summary data and 
supporting deliverables and will consist of the following components, if applicable:  


 
Organic Analysis 
i) technical holding times; 
ii) GC/MS instrument performance check; 
iii) initial and continuing calibration; 
iv) internal standard performance; 
v) method blanks; 
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Form Q‐2 (continued) 
 
vi) system monitoring compounds (surrogate spikes); 
vii) MS/MSD results; and 
viii) LCSs. 
 
Inorganic Analysis 
i) technical holding times; 
ii) initial calibration; 
iii) initial and continuing calibration verification; 
iv) method blanks; 
v) ICP interference check samples; 
vi) ICP serial dilutions; 
vii) LCSs; 
viii) MS/MSD and matrix duplicate results; and 
ix) field duplicate samples. 


 
The Project Manager and or their designee will document the completion of audit reports and confirm 
the  implementation  of  corrective  action  reports.    Data  determined  to  be  unusable  may  require 
corrective  action.    Potential  types  of  corrective  action may  include  re‐sampling  by  the  field  team  or 
reanalysis of samples by the laboratory. 
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Form R 
Data Usability 
 
The  overall  usability  of  the  data  will  be  assessed  by  evaluating  the  Precision,  Accuracy, 
Representativeness, Comparability, Completeness and Sensitivity  (PARCCS) of  the data  set using basic 
statistical  quantities  as  applicable.    The  procedures  and  statistical  formulas  to  be  used  for  these 
evaluations are presented in the following subsections. 
 
A. Precision 
 


Project precision will be evaluated by  assessing  the  relative percent difference  (RPD) data  from  field 
duplicate  samples.    Analytical  precision  will  be  evaluated  by  assessing  the  RPD  data  from  either 
duplicate spiked sample analyses or duplicate sample analyses.  The RPD between two measurements is 
calculated using the following simplified formula: 
 


X100%
RR


RR
=RPD


221


21






 


 
  where:  R1=value of first result 


      R2=value of second result 


 
Overall  precision  for  the  sampling  programs  will  be  determined  by  calculating  the  mean  RPD  for  
field duplicate pairs.   This will provide an evaluation of  the overall variability attributable  to  the  sampling 
procedure, sample matrix, and laboratory procedures in each sampling program. 
 
The overall precision requirement will be the same as the project precision. The calculation of the mean 
RPD will only include the RPD values for field duplicate sample data that are greater than or equal to 10 
times the quantitation limit for an analysis. 
 
B. Accuracy/Bias 
 
The  data  from method/preparation  blank  samples,  surrogate  spikes, MS/MSD  samples  and  Lab  Control 
Sample (LCS) will be used to determine accuracy and potential bias of the sample data. 
 
The data  from method/preparation blank  samples provide  an  indication of  laboratory  contamination 
that  may  result  in  bias  of  sample  data.    Sample  data  associated  with  method/preparation  blank 
contamination will have been  identified during  the data  verification/validation process.    Sample data 
associated  with  method/preparation  blank  contamination  are  evaluated  during  the  data  validation 
procedure  to  determine  if  analytes  detected  in  the  samples  and  the  associated method/preparation 
blanks  are  the  result  of  laboratory  contamination.    The  affected  sample  data  will  be  qualified  in 
accordance with the procedures prescribed in the National Functional Guidelines. 
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Form R (continued) 
 
Surrogate spike recoveries provide  information regarding the accuracy/bias of the organic analyses on 
an individual sample basis. The percent recovery data provide an indication of the effect that the sample 
matrix may have on the preparation and analysis procedure.  Sample data exhibiting matrix effects will 
have been identified during the data verification/validation process. 
 
Matrix  spike  sample  data  provide  information  regarding  the  accuracy/bias  of  the  analytical methods 
relative to the sample matrix.  Matrix spike samples are field samples that have been fortified with target 
analytes prior to sample preparation and analysis.  The percent recovery data provide an indication of the 
effect  that  the  sample  matrix  may  have  on  the  preparation  and  analysis  procedure.    Sample  data 
exhibiting matrix effects will have been identified during the data verification/validation process. 
 
Analytical accuracy/bias will be determined by evaluating the percent recovery data of LCS tests.   LCSs 
are artificial samples prepared in the laboratory using a blank matrix that is fortified with analytes from 
a standard reference material that  is  independent of the calibration standards.   LCS are prepared and 
analyzed in the same manner as the field samples.  The data from LCS analyses will provide an indication 
of the accuracy and bias of the analytical method for each target analyte. 
 
Percent recovery is calculated for MS and LCSs using the following formulas: 
 
  MS: 
 


%R    =    
SSR ‐ SR


SA    X   100 


 
  where:  SSR = Spiked Sample Result 


      SR = Sample Result or Background 
      SA = Spike Added 
 


LCS: 
 


%R    =      SASSR /   X   100 


 
  where:  SSR = Spiked Sample Result 


      SA = Spike Added 
 


The percent recovery of samples is determined by dividing the measured value by the true value and 
multiplying by 100. 
 
Overall accuracy/bias for the sampling events will be determined by calculating the percent of accuracy 
measurements that meet the specified measurement performance criteria.  
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Form R (continued) 


C. Sample Representativeness 
 
Representativeness  expresses  the  degree  to  which  field  data  accurately  and  precisely  represent  a 
characteristic of a population, parameter variation, or environmental  condition.   Representativeness  is a 
qualitative  assessment based upon observed  conditions  and measurements.    Sampling design,  sampling 
locations,  and  sample  collection methods  play  a major  role  in  determining  how  representative  a  given 
sample  set  may  be.  The  RPD  of  field  duplicates  is  one  quantitative  measure  of  representativeness.  
Assessment  of  representativeness  should  also  consider  qualitative  observations  such  as  site  history, 
Conceptual  Site  Model,  visual  and  olfactory  observations,  physical  features,  and  other  factors.  
Representativeness of the samples will be assessed by reviewing the results of field audits and the data 
from  field duplicate  samples.   Overall  sample  representativeness will be  considered acceptable  if  the 
results of  field audits  indicate  that  the approved  sampling methods or alternate acceptable  sampling 
methods were used to collect the samples and the field duplicate RPD data are generally acceptable. 
 
D. Completeness 
 
Completeness will be assessed by comparing  the number of valid  (usable)  sample  results  to  the  total 
possible number of results within a specific sample matrix and/or analysis.  Percent completeness will be 
calculated using the following formula: 
 


% Completeness = 
Number of Valid (usable) measurements
 Number of Measurements Planned  X 100 


 


Overall completeness will be assessed by calculating the mean percent completeness for the entire set 
of data obtained  for  each  sampling program.    The overall  completeness will be  calculated when  the 
sampling  and  analysis  is  concluded.    Overall  completeness will  be  considered  acceptable  if  at  least 
90 percent of the data planned for collection are determined to be valid. 
 
E. Comparability 
 
The comparability of data sets will be evaluated by reviewing the sampling and analysis methods used to 
generate  the data  for each data set.   Project comparability will be determined to be acceptable  if the 
sampling and analysis methods specified in this QAPP and any approved QAPP revisions or amendments 
are used for generating the soil, sediment, groundwater and surface water data. 
 
F. Sensitivity and Quantitation Limits 
 
The quantitation  limits  for  the  sample data will be  reviewed  to determine  that  the  sensitivity of  the 
analyses was sufficient to achieve the criteria  identified  in the data quality objectives (i.e., human and 
ecological  exposures  screening  criteria), where  possible.   Where  the  criteria  are  below  the  reported 
detection  limit,  results  between  the  method  detection  limit  (MDL)  and  RDL  will  be  reported  as 
estimated  and  used  as  a  basis  for  identifying  potential  compounds  of  concern.    Compounds  not 
observed  above  the  MDL  will  not  be  considered  compounds  of  potential  concern.    The 
method/preparation blank    
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Form R (continued) 
 
sample data and  LCS percent  recovery data will be  reviewed  to assess  compliance with  the  specified 
measurement performance criteria. 
 
Overall  sensitivity will  be  assessed  by  comparing  the  sensitivity  for  each monitoring  program  to  the 
detectability  requirements  for  the  analyses.    Overall  sensitivity  will  be  considered  acceptable  if 
quantitation limits for the samples are less than the applicable evaluation criteria. 
 
G. Data Limitations and Actions 
 
Data  use  limitations  will  be  identified  in  the  Data  Summary  Report.    Data  that  do  not  meet  the 
measurement  performance  criteria  specified  in  this  QAPP will  be  identified  and  the  impact  on  the 
project quality objectives will be assessed and discussed  in the Data Summary Report.   Specific actions 
for data that do not meet the measurement performance criteria depends on the use of the data, and 
may require that additional samples be collected or the use of the data be restricted.   
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NOTES


1. TOPOGRAPHIC BASE PLAN WAS PREPARED BY VANASSE


HANGEN BRUSTLIN, INC. (VHB),  DATED 22 DECEMBER 1994


AND CORRESPONDS TO EXISTING CONDITIONS PRIOR TO


RETAIL DEVELOPMENT PROJECT.


2. LOCATIONS OF EXISTING BUILDINGS AND BITUMINOUS WALK


SCALED FROM A PLAN ENTITLED "LAYOUT AND MATERIALS


PLAN," DATED 14 MAY 1997, PREPARED BY VHB, AND SHOULD


BE CONSIDERED APPROXIMATE.


3. PROPERTY LINE TAKEN FROM  PLAN TITLED "SUBDIVISION,


PLAN OF LAND, BEVERLY, MASSACHUSETTS", DATED 8 MARCH


1996 BY DEWSNAP ENGINEERING ASSOCIATES, SAUGUS,


MASSACHUSETTS.


4. SAMPLING LOCATIONS IDENTIFIED BY TAPE MEASUREMENTS


TO EXISTING SURFACE FEATURES AND SHOULD BE


CONSIDERED APPROXIMATE.


5. ELEVATIONS ARE REFERENCED TO NATIONAL GEODETIC


VERTICAL DATUM OF 1929 (NGVD) AND ARE SHOWN IN FEET.


LEGEND


DESIGNATION AND APPROXIMATE LOCATION OF


PROPOSED SEDIMENT SAMPLE


DESIGNATION AND APPROXIMATE LOCATION OF


SHALLOW SOIL/SLAG SAMPLES COLLECTED BY


HALEY & ALDRICH, IN THE PRESENCE OF EPA


REPRESENTATIVE, 5 MARCH 2012
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Inductively Coupled Plasma - Atomic Emission Spectrometry 


 Reference Method No.: Method 6010C SW-846, Test Methods for Evaluating Solid Waste:  Physical/Chemical 


Methods, EPA SW-846, Update IV, February 2007. 


SM 2340B, Hardness by Calculation, Standard Methods for the Examination of Water and Wastewater,  APHA-
AWWA-WPCF, 21


st
 Edition, 1997. 


 


1. Scope and Application 


 
Matrices:   Digestates from all matrices. 


Definitions: See Alpha Laboratories Quality Manual Appendix A 


Inductively coupled plasma-atomic emission spectrometry (ICP-AES) determines trace elements, 


including metals, in solution. The method is applicable to all of the elements listed in Table 1. All 


matrices, excluding filtered groundwater samples but including ground water, aqueous samples, 


TCLP and EP extracts, industrial and organic wastes, soils, sludge, sediments, and other solid 


wastes, require digestion prior to analysis. Groundwater samples that have been prefiltered and 


acidified will not need acid digestion. Samples which are not digested must either use an internal 


standard or be matrix matched with the standards. Refer to Metals Preparation SOPs for the 


appropriate digestion procedures. 


 
Table 1 lists the elements for which this method is applicable. Detection limits, sensitivity, and the 


optimum and linear concentration ranges of the elements can vary with the wavelength, 


spectrometer, matrix and operating conditions. Table 1 lists the recommended analytical 


wavelengths for the elements in clean aqueous matrices. Table 3 lists the Reported Detection Limits. 


The reported detection limit data may be used to estimate instrument and method performance for 


other sample matrices.  Elements other than those listed in Table 1 may be analyzed by this method 


if performance at the concentration levels of interest (see Section 9) is demonstrated. 


 
Users of the method should state the data quality objectives prior to analysis and must document 


and have on file the required initial demonstration performance data described in the following 


sections prior to using the method for analysis. 


 
The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is made by one of the following laboratory 
personnel before performing the modification: Area Supervisor, Metals Manager, Laboratory 
Services Manager, Laboratory Director, or Quality Assurance Officer. 


Use of this method is restricted to spectroscopists who are knowledgeable in the correction of 


spectral, chemical, and physical interferences described in this method.  Each analyst must 


demonstrate the ability to generate acceptable results with this method by performing an initial 


demonstration of capability, analyzing a proficiency test sample and completing the record of 


training. 


 
After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
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identification of major method modification requiring performance demonstration is directed by the 
QA Officer and Laboratory Director on a case-by-case basis.  


2. Summary of Method 
Prior to analysis, samples must be solubilized or digested using appropriate Sample Preparation 


Methods. When analyzing groundwater samples for dissolved constituents, acid digestion is not 


necessary if the samples are filtered and acid preserved prior to analysis.  
 


This method describes multielemental determinations by ICP-AES using sequential or simultaneous 


optical systems and axial or radial viewing of the plasma. The instrument measures characteristic 


emission spectra by optical spectrometry. Samples are nebulized and the resulting aerosol is 


transported to the plasma torch. Element-specific emission spectra are produced by a 


radio-frequency inductively coupled plasma. The spectra are dispersed by a grating spectrometer, 


and the intensities of the emission lines are monitored by photosensitive devices. Background 


correction is required for trace element determination. Background must be measured adjacent to 


analyte lines on samples during analysis. The position selected for the background-intensity 


measurement, on either or both sides of the analytical line, will be determined by the complexity of 


the spectrum adjacent to the analyte line. In one mode of analysis the position used must be as free 


as possible from spectral interference and must reflect the same change in background intensity as 


occurs at the analyte wavelength measured. Background correction is not required in cases of line 


broadening where a background correction measurement would actually degrade the analytical 


result. The possibility of additional interferences named in Section 4.0 must also be recognized and 


appropriate corrections made; tests for their presence are described in Section 9.4.4. Alternatively, 


users may choose multivariate calibration methods. In this case, point selections for background 


correction are superfluous since whole spectral regions are processed. 


 


This SOP includes the manual calculations for Total Hardness and Calcium Hardness, according to 


SM 2340B. 


 


2.1 Method Modifications from Reference 


 None. 


3. Reporting  Limits 
 Refer to Table 3 for method Reporting Limits. 
  


4. Interferences  


4.1 Spectral 


Spectral interferences are caused by background emission from continuous or recombination 


phenomena, stray light from the line emission of high concentration elements, overlap of a 


spectral line from another element, or unresolved overlap of molecular band spectra. 


 


4.1.1   Background emission and stray light can usually be compensated for by subtracting the 


background emission determined by measurements adjacent to the analyte wavelength 


peak. Spectral scans of samples or single element solutions in the analyte regions may 


indicate when alternate wavelengths are desirable because of severe spectral 


interference. These scans will also show whether the most appropriate estimate of the 


background emission is provided by an interpolation from measurements on both sides 
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of the wavelength peak or by measured emission on only one side. The locations 


selected for the measurement of background intensity will be determined by the 


complexity of the spectrum adjacent to the wavelength peak. The locations used for 


routine measurement must be free of off-line spectral interference (interelement or 


molecular) or adequately corrected to reflect the same change in background intensity 


as occurs at the wavelength peak. For multivariate methods using whole spectral 


regions, background scans must be included in the correction algorithm. Off-line 


spectral interferences are handled by including spectra on interfering species in the 


algorithm. 


 


4.1.2  To determine the appropriate location for off-line background correction, the user must  


scan the area on either side adjacent to the wavelength and record the apparent 


emission intensity from all other method analytes. This spectral information must be 


documented and kept on file. The location selected for background correction must be 


either free of off-line interelement spectral interference or a computer routine must be 


used for automatic correction on all determinations. If a wavelength other than the 


recommended wavelength is used, the analyst must determine and document both the 


overlapping and nearby spectral interference effects from all method analytes and 


common elements and provide for their automatic correction on all analyses. Tests to 


determine spectral interference must be done using analyte concentrations that will 


adequately describe the interference. Normally, 100 mg/L single element solutions are 


sufficient; however, for analytes such as iron that may be found at high concentration, a 


more appropriate test would be to use a concentration near the upper analytical range 


limit. 
 


 4.1.3  Spectral overlaps may be avoided by using an alternate wavelength or can be 


compensated by equations that correct for interelement contributions. Instruments that 


use equations for interelement correction require the interfering elements be analyzed at 


the same time as the element of interest. When operative and uncorrected, interferences 


will produce false positive determinations and be reported as analyte concentrations. 


More extensive information on interferant effects at various wavelengths and resolutions 


is available in reference wavelength tables and books. Users may apply interelement 


correction equations determined on their instruments with tested concentration ranges to 


compensate (off line or on line) for the effects of interfering elements. For multivariate 


methods using whole spectral regions, spectral interferences are handled by including 


spectra of the interfering elements in the algorithm. The interferences listed are only 


those that occur between method analytes. Only interferences of a direct overlap nature 


are listed. These overlaps were observed with a single instrument having a working 


resolution of 0.035 nm. 


 


4.1.4 When using interelement correction equations, the interference may be expressed as 


analyte concentration equivalents (i.e. false analyte concentrations) arising from 100 


mg/L of the interference element. For example, assume that As is to be determined (at 


193.696 nm) in a sample containing approximately 10 mg/L of AI.  100 mg/L of Al would 


yield a false signal for As equivalent to approximately 1.3 mg/L. Therefore, the presence 


of 10 mg/L of Al would result in a false signal for As equivalent to approximately 0.13 


mg/L. The user is cautioned that each instrument may exhibit somewhat different levels 


of interference. The interference effects must be evaluated for each individual 


instrument since the intensities will vary. 
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Major known interferences are Fe, Al, Ca, Mg, V, Ni, Cu, and Cr.  To minimize any of 


these interferences, every analyte is analyzed on each instrument at or near its linear 


range and corrected for these interferences.  This is done on an annual basis, and data 


is kept on file.   


 


4.1.5    Interelement corrections will vary for the same emission line among instruments because 


of differences in resolution, as determined by the grating, the entrance and exit slit 


widths, and by the order of dispersion. Interelement corrections will also vary depending 


upon the choice of background correction points. Selecting a background correction 


point where an interfering emission line may appear must be avoided when practical. 


Interelement corrections that constitute a major portion of an emission signal may not 


yield accurate data. Users must not forget that some samples may contain uncommon 


elements that could contribute spectral interferences. 


 


4.1.6  The interference effects must be evaluated for each individual instrument whether 


configured as a sequential or simultaneous instrument. For each instrument, intensities 


will vary not only with optical resolution but also with operating conditions (such as 


power, viewing height and argon flow rate). When using the recommended 


wavelengths, the analyst is required to determine and document for each wavelength 


the effect from referenced interferences as well as any other suspected interferences 


that may be specific to the instrument or matrix. The analyst is encouraged to utilize a 


computer routine for automatic correction on all analyses. 
 


4.1.7    The primary wavelength for each analyte is based upon the instrument manufacturer’s 


recommendations. An alternate wavelength is chosen if there is an indication of 


elevated background or overlap of another spectral wavelength.  The wavelength for 


each analyte must be as free from interferences as possible.   
 


4.1.8   If the correction routine is operating properly, the determined apparent analyte(s) 


concentration from analysis of each interference solution must fall within a specific 


concentration range around the calibration blank. The concentration range is calculated 


by multiplying the concentration of the interfering element by the value of the correction 


factor being tested and divided by 10. If after the subtraction of the calibration blank the 


apparent analyte concentration falls outside of this range in either a positive or negative 


direction, a change in the correction factor of more than 10% should be suspected. The 


cause of the change must be determined and corrected and the correction factor 


updated. The interference check solutions must be analyzed more than once to confirm 


a change has occurred. Adequate rinse time between solutions and before analysis of 


the calibration blank will assist in the confirmation. 


 


4.1.9  When interelement corrections are applied, their accuracy must be verified, daily, by 


analyzing spectral interference check solutions. If the correction factor or multivariate 


correction matrices tested on a daily basis (by running a check solution on each 


analytical run) are found to be within 20% criteria for 5 consecutive days, analysis may 


be extended to a weekly basis. Also, if the nature of the samples analyzed is such that 


they do not contain concentrations of the interfering elements greater than the reported 


detection limit, daily verification is not required. All interelement spectral correction 


factors or multivariate correction matrices are verified and updated on an annual basis 


or when an instrumentation change, such as in the torch, nebulizer, injector, or plasma 


conditions occurs. The standard solution must be inspected to ensure that there is no 


contamination that may be perceived as a spectral interference. 
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4.1.10  When interelement corrections are not used, verification of absence of interferences is 


required. 


 


4.1.10.1 One method is to use a computer software routine for comparing the 


determinative data to limits, files for notifying the analyst when an interfering 


element is detected in the sample at a concentration that will produce either 


an apparent false positive concentration, (i.e., greater than) the analyte 


instrument detection limit, or false negative analyte concentration, (i.e., less 


than the lower control limit of the calibration blank defined for a 99% 


confidence interval). 


 
4.1.10.2   Another method is to analyze an Interference Check Solution(s) which contains 


similar concentrations of the major components of the samples (>10 mg/L) on 
a continuing basis to verify the absence of effects at the wavelengths selected. 
These data must be kept on file with the sample analysis data. If the check 
solution confirms an operative interference that is >20% of the analyte 
concentration, the analyte must be determined using (1) analytical and 
background correction wavelengths (or spectral regions) free of the 
interference, (2) by an alternative wavelength, or (3) by another documented 
test procedure. 


4.2 Physical  


 Physical interferences are effects associated with the sample nebulization and transport 
processes. Changes in viscosity and surface tension can cause significant inaccuracies, 
especially in samples containing high dissolved solids or high acid concentrations. If physical 
interferences are present, they must be reduced by diluting the sample, using a peristaltic pump, 
use of an internal standard or by using a high solids nebulizer. Another problem that can occur 
with high dissolved solids is salt buildup at the tip of the nebulizer, affecting aerosol flow rate and 
causing instrumental drift. The problem can be controlled by wetting the argon prior to 
nebulization, using a tip washer, using a high solids nebulizer or diluting the sample. Also, it has 
been reported that better control of the argon flow rate, especially to the nebulizer, improves 
instrument performance: this may be accomplished with the use of mass flow controllers. The 
test described in Section 10.3.4.1 will help determine if a physical interference is present. 


  
       4.3 Chemical 
 Chemical interferences include molecular compound formation, ionization effects, and solute 


vaporization effects. Normally, these effects are not significant with the ICP technique, but if 
observed, can be minimized by careful selection of operating conditions (incident power, 
observation position, and so forth), by buffering of the sample, by matrix matching, and by 
standard addition procedures. Chemical interferences are highly dependent on matrix type and 
the specific analyte element. 


 
 


4.4 Memory 


Memory interferences result when analytes in a previous sample contribute to the signals 
measured in a new sample. Memory effects can result from sample deposition on the uptake 
tubing to the nebulizer and from the build up of sample material in the plasma torch and spray 
chamber. The site where these effects occur is dependent on the element and can be minimized 
by flushing the system with a rinse blank between samples. The possibility of memory 
interferences must be recognized within an analytical run and suitable rinse times must be used 
to reduce them. The rinse times necessary for a particular element must be estimated prior to 
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analysis. This may be achieved by aspirating a standard containing elements at a concentration 
ten times the usual amount or at the top of the linear dynamic range. The aspiration time for this 
sample must be the same as a normal sample analysis period, followed by analysis of the rinse 
blank at designated intervals. The length of time required to reduce analyte signals to within a 
factor of two of the method detection limit must be noted. Until the required rinse time is 
established, this method suggests a rinse period of at least 60 seconds between samples and 
standards. If a memory interference is suspected, the sample must be reanalyzed after a rinse 
period of sufficient length. Alternate rinse times may be established by the analyst based upon 
their DQOs. 
 
 


4.5 Other Interferences 
 


4.5.1   Users are advised that high salt concentrations can cause analyte signal suppressions 


and confuse interference tests. If the instrument does not display negative values, fortify 


the interference check solution with the elements of interest at 0.5 to 1 mg/L and 


measure the added standard concentration accordingly. Concentrations must be within 


20% of the true spiked concentration or dilution of the samples will be necessary. In the 


absence of measurable analyte, overcorrection could go undetected if a negative value 


is reported as zero. 
  


5. Health and Safety 
The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound must be treated as a potential health hazard. From 
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material data handling sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan. 


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


 


6. Sample Collection, Preservation, Shipping and Handling 
 


6.1 Sample Collection 


Samples are collected in plastic bottles. 


6.2 Sample Preservation 


Samples for Total Metals are preserved with 1:1 Nitric acid to a pH of <2.   
 
If samples are for Soluble Metals, they must not be preserved prior to filtration.  They are 
preserved with 1:1 Nitric acid to a pH of <2 post-filter. 


 


6.3 Sample Shipping 


No special shipping requirements. 


6.4 Sample Handling 
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Samples to be analyzed for soluble metals, that have not been filtered, must be filtered and 
preserved within 24 hours of sample collection. 
 
Preserved samples have a hold time of 6 months, and are stored under refrigeration at 4°C. 


  


7. Equipment and Supplies 
 


7.1  Inductively coupled argon plasma emission spectrometer: 
 


• Thermo Scientific ICAP Duo 6500 (Trace4, Trace5, Trace6) 
 


 7.1.1   Computer-controlled emission spectrometer with background correction. 


 7.1.2   Radio-frequency generator compliant with FCC regulations. 


 7.1.3   Optional mass flow controller for argon nebulizer gas supply. 


 7.1.4   Optional peristaltic pump. 


7.1.5   Optional Autosampler. 


7.1.6 Argon gas supply - high purity. 


 


7.2     Volumetric flasks of suitable precision and accuracy. 


7.3     Volumetric pipets of suitable precision and accuracy. 


 


8. Standards and Reagents  
Reagent semiconductor and/or trace grade chemicals shall be used in all tests. Unless otherwise 


indicated, it is intended that all reagents shall conform to the specifications of the Committee on 


Analytical Reagents of the American Chemical Society, where such specifications are available. 


Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity 


to permit its use without lessening the accuracy of the determination. If the purity of a reagent is in 


question, analyze for contamination. If the concentration of the contamination is less than the MDL 


then the reagent is acceptable. 


 


8.1  Hydrochloric acid (conc), HCl.  Stored at room temperature in acid resistant cabinet.  
Expiration date as defined by vendor. 


8.2  Hydrochloric acid (1:1), HCI. Add 500 mL concentrated HCI to 400 mL DI water and 


dilute to 1 liter in an appropriately sized beaker.  Stored at room temperature in polypropylene 


bottle, expiration one month from date of preparation. 


8.3  Nitric acid (conc), HNO3.  Stored at room temperature in acid resistant cabinet.  


Expiration date as defined by vendor. 


8.4  Nitric acid (1:1), HNO3. Add 500 mL concentrated HNO3 to 400 mL DI water and dilute to 


1 liter in an appropriately sized beaker.  Stored at room temperature in polypropylene bottle, 


expiration one month from date of preparation. 







Alpha Analytical, Inc.  ID No.:2144   
Facility: Westborough                                      Revision 6 
Department: Metals Analysis  Published Date:2/4/2014 12:01:44 PM  
Title:  Inductively Coupled Plasma   Atomic Emission Spectrometry EPA 6010 Page 8 of 24  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 06-01  


8.5 Reagent Water. All references to water in the method refer to reagent water unless 


otherwise specified. Reagent water will be interference free.  Refer to Chapter One for a 


definition of reagent water. 


8.6 Standard stock solutions may be purchased or prepared from ultra- high purity grade 


chemicals or metals (99.99% pure or greater).  All stock standards are ordered through ISO 


and American Association for Lab Accreditation vendors.  All standards are in aqueous 


solutions and are at concentrations of 1000ppm and 10,000ppm. 


 


8.7  Mixed calibration standard solutions  


 


Prepare mixed calibration standard solutions by combining appropriate volumes of the stock 


solutions in volumetric flasks. Add the appropriate types and volumes of acids so that the 


standards are matrix matched with the sample digestates.  Care must be taken when 


preparing the mixed standards to ensure that the elements are compatible and stable together. 


Transfer the mixed standard solutions to FEP fluorocarbon or previously unused polyethylene 


or polypropylene bottles for storage. Fresh mixed standards must be prepared, as needed, 


with the realization that concentration can change on aging.  


 
NOTE: If the addition of silver to the recommended acid combination results in an initial 


precipitation, add 15 mL of water and warm the flask until the solution clears. Cool and dilute to 


100 mL with water. For this acid combination, the silver concentration must be limited to 2 


mg/L. Silver under these conditions is stable in a tap-water matrix for 30 days. Higher 


concentrations of silver require additional HCl. 


Additionally, sulfur standards are stand-alone single element standards and therefore are not to 


be combined in a mixed calibration standard solution. 


 
8.8   Blanks  


 


Two types of blanks are required for the analysis for samples. The calibration blank is used in 


establishing the analytical curve, and the method blank is used to identify possible 


contamination resulting from varying amounts of the acids used in the sample processing. 


 
8.8.1  The calibration blank is prepared by acidifying reagent water to the same concentrations 


of the acids found in the standards. Prepare a sufficient quantity to flush the system 


between standards and samples. The calibration blank will also be used for all initial (ICB) 


and continuing calibration blank (CCB) determinations (see Sections 10.2 and 10.4).  


Refer to Section 10.4.1.2 for acceptance criteria and/or corrective actions. 


 
8.8.2   The method blank must contain all of the reagents in the same volumes as used in the 


processing of the samples. The method blank must be carried through the complete 


procedure and contain the same acid concentration in the final solution as the sample 


solution used for analysis.  Refer to Section 9.1 for acceptance criteria and/or corrective 


actions. 


 
 
 


8.9 The Initial Calibration Verification Standard (ICV) and the Continuing 
Calibration Verification Standard (CCV)  
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   These ICV is prepared by the analyst by combining compatible elements from a standard 


source different than that of the calibration standard. The CCV is prepared from the same 


source as the calibration standards and must be at a concentration near the mid-point of the 


calibration curve. At the laboratory's discretion, an ICV may be used in lieu of the continuing 


calibration verifications. If used in this manner, the ICV must be at a concentration near the 


mid-point of the calibration curve.  


 


8.9.1 Low Level Initial Calibration Verification Standard (LLICV) and the Low 
Level Continuing  Calibration Verification Standard (LLCCV)  


 These standards are actually a series of standards (typically 3) that are at or below the RL for 


the respective elements included in the calibration sequence. They are prepared from the 


same source as the calibration standards but at the laboratory's discretion may be from a 


second source from the calibration. 


 


 8.10   Interference Check Solution  


These solutions are prepared to contain known concentrations of interfering elements that will 
provide an adequate test of the correction factors. Spike the sample with the elements of 
interest.  In the absence of measurable analyte, overcorrection could go undetected because a 
negative value could be reported as zero. If the particular instrument will display overcorrection 
as a negative number, this spiking procedure will not be necessary. 


8.11  CRI 


The CRI is an ICP standard that is analyzed at a concentration of 2 - 5 times each element’s 
RDL.   The CRI must be recovered within 70-130% of its true value.  If the CRI does not meet 
these criteria, it is remade and reanalyzed.  If the CRI fails a second time, the analysis is 
terminated, the problem determined and corrected.  The instrument is then recalibrated.   


 
CRI solutions are made for each type of instrument.   


 
8.11.1 CRI Stock Standard Solution, for the TJA Trace instruments 


To a 500mL volumetric flask, add 200mL DI water and 50mL of 1:1 HNO3.  Add the 
following volumes of each certified 1000ppm stock standard: 


Pb 0.9 mL    Ni 1.6 mL 


Se 0.4 mL    Ag 0.4 mL 


Sb 2.0 mL    Tl 0.4 mL 


As 0.4 mL    V 2.0 mL 


Ba 0.8 mL    Zn 0.8 mL 


Be 0.2 mL    Al 8.0 mL 


Cd 0.2 mL    Ca 8.0 mL 


Co 2.0 mL    Mg 8.0 mL 


Cr 0.4 mL    B 2.0 mL   


Cu 1.0 mL    Sr 0.4 mL 


Fe 4.0 mL    Ti 0.4 mL 


Mn 0.6 mL    Sn 0.4 mL 


Mo 2.0 mL     


And the following volumes of each certified 10000ppm stock standard: 


K  10.0 mL  
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Na 10.0 mL  


Si  2.0 mL  


S  2.0 mL 


Bring to volume of 500mL with DI water.  This solution expires 12 months after the date of 
preparation. 


8.11.1.1 CRI Working Standard Solution 


To a 1L volumetric flask, add 25mL of CRI Stock Standard Solution (Section 
8.11.1).  Bring to volume with DI water.   This solution will contain elements in 
the following concentrations: 


Pb 0.045 ppm  Ag 0.02 ppm  


Se 0.02 ppm   Tl 0.02 ppm  


Sb 0.10 ppm  V 0.10 ppm  


As 0.02 ppm  Zn 0.04 ppm  


Ba 0.04 ppm  Al 0.40 ppm  


Be 0.01 ppm  Ca 0.40 ppm  


Cd 0.01 ppm  Mg 0.40 ppm  


Co 0.10 ppm   B 0.10 ppm  


Cr 0.02 ppm  Sr 0.02 ppm  


Cu 0.05 ppm   Ti 0.02 ppm  


Fe 0.20 ppm  Sn 0.02 ppm  


Mn 0.03 ppm  K 5.0 ppm  


Mo 0.10 ppm  Na 5.0 ppm  


Ni 0.08 ppm  Si 1.0 ppm 


S 1.0 ppm 


 


8.12 Reporting Limit (RL) Verification Standard (LLICV/LLCCV)  


The RL standard consists of a series of standards that are analyzed after the initial 
calibration verification (LLICV) and at the end of each run (LLCCV). Optionally, the LLCCV 
may be run every 10 samples with the CCV, CCB pair to eliminate the need for excessive 
reruns when low level instrument stability is questioned.  These standards are at or below 
the RL included in the multi-point calibration sequence. The acceptance criteria are 70-
130% to establish the RL for each analyte.  The following standards are analyzed.   
 
0.005 mg/L         Ag, As, Be, Cd 
 
0.010 mg/L         B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Se, Sn, Sr, Ti, Tl, V 
 
0.050  mg/L         Al, Sb, Fe, Zn, Ca, Mg, K, Na  
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9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


 


9.1 Blank(s) 


Employ a minimum of one method blank per sample batch to determine if contamination or any 
memory effects are occurring. A method blank is a volume of reagent water carried through the 
same preparation process as a sample.   
 
The method blank results must be less than the reported detection limit (RDL) for all analytes 
of concern.  If the results of the method blank exceed the RDL for any analyte, perform re-
analysis of a new aliquot of the method blank. 
 
If the results continue to exceed the RDL, proceed as follows: 


If all of the samples for the analyte are non-detected, and the method blank is at or above the 
RDL, no action is required. 


If one or more associated samples for that analyte have positive results at or above the RDL, 
those samples must be considered to be out of control, and are re-digested and reanalyzed. 


9.2 Laboratory Control Sample (LCS) 


 Analyze one LCSW/SRM per sample batch.  A LCS/SRM sample is a spiked volume of reagent 
 water that is brought through the entire preparation and analytical process.  The LCSW must 
 have a % Recovery of ± 20% within the actual value or within vendor control limits (95% 
 confidence limits) for the solid SRM. 


If the LCSW or SRM % Recovery is outside the acceptable limits as stated in Table 2, or 
outside any vendor control limits, the LCS is rerun once.  If upon reanalysis the LCS is still out 
of control, the failed analytes are re-prepped and re-analyzed. Otherwise, a nonconformance 
report form is raised to document the exact problem and this form is then authorized by the 
QA/QC Director and/or the Laboratory Manager(s). 


9.3 Initial Calibration Verification (ICV)  


For all analytes and determinations, the laboratory must analyze an ICV (Section 8.9), and a 
calibration blank (ICB, Section 8.8.1), immediately following daily calibration.  The results of 
the ICV are to agree within 10% of the expected value; if not, re-analyze once, if still failing 
terminate the analysis, correct the problem, and recalibrate the instrument. 


Continuing Calibration Verification (CCV) 


A calibration blank (CCB, Section 8.8.1) and a calibration verification standard (CCV, Section 
8.9) must be analyzed after every tenth sample and at the end of the sample run. Analysis of 
the calibration verification (CCV) must verify that the instrument is within 10% of the calibration 
with the relative standard deviation < 5% from replicate (minimum of two) integrations. 


Immediate corrective action for a failing CCV/CCB includes reanalyzing the failing standard.  If 
the standard passes the second time then the analysis may be continued.  The raw data is 
noted.  If the standard fails again, the problem must be found and corrected.  The CCV/CCB 
standard is reanalyzed.  If the standard passes, then all samples run after the last passing 
CCV/CCB pair must be re-analyzed.  
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If the standard fails after instrument maintenance, the instrument is recalibrated.  A new 
ICV/ICB is performed, and all previous data up to the previous passing CCV/CCB is 
reanalyzed. 


9.4 Matrix Spike 


Analyze matrix spike samples at a frequency of one per matrix batch. A matrix spike sample is 


a sample brought through the entire sample preparation and analytical process. 


 


9.5.1 The percent recovery is to be calculated as follows: 


  


                                     % Recovery  =           MS  -  S       x   100 
  C 


 


 where: 


MS = Matrix Spike value  


S = Sample value.  


C = Concentration of the Spiking solution. 


 
9.5.2  If the Matrix Spike falls outside of the limits as stated in Table 2, or outside any 


historical documentation, the failed analytes are either re-prepped and re-
analyzed, or a post analytical spike is performed.  The acceptable % Recovery of 
the post analytical spike is 80-120%.  A nonconformance is noted in the LIMS and 
approved in secondary peer review and/or by the Metals Manager. 


9.5 Laboratory Duplicate 


A duplicate sample is analyzed once per matrix batch.  This sample is brought through the 
entire sample preparation and analytical process.   
 


9.6.1 The relative percent difference between duplicate determinations is to be 


calculated as follows: 


 


RPD  =      | D, - D2 |         x   100 
    ( | D, + D2 |) / 2 


 


 where: 


RPD = relative percent difference.  


D, = first sample value.  


D2 = second sample value (replicate). 
 


9.6.2  If the Duplicate falls outside of the limits as stated in Table 2, or outside any 
historical documentation and the concentrations of the failing analytes are less 
than 5x the RL or a matrix interference is found a nonconformance is noted in the 
LIMS and approved in secondary peer review and/or by the Metals Manager. 
 


9.6 Method-specific Quality Control Samples 


 9.7.1 Interference Check Standards 


A check solution is analyzed once daily. One solution (ICSA) has only elevated 
concentrations of Fe, Al, Ca, Mg to ensure no interferences occur. The concentrations of the 
analytes of interest must have an absolute value of <2X RL. The other check solution 
(ICSAB) is the same solution spiked with a known amount of each analyte.  These solutions 
are analyzed at the beginning of the first analytical run of the day. 
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If the analytes of interest in the ICSAB solution falls outside the acceptable limits of 80 – 
120% of the true value, the solutions may be rerun once. The high level interferences are 
not evaluated for recovery just as in the ICSA. If the problem persists take corrective action 
which may include re-evaluation of the inter-element correction values (IECs). The 
instrument calibration routine must then be performed and confirmed by the ICV/ICB pair 
and the ICSA/ICSAB re-analyzed before proceeding with analysis. Otherwise, the 
nonconformance issue is raised to the Department Supervisor and/or the QA Department. 


9.7.2 Reporting Limit (RL) Verification Standard (LLICV/LLCCV)  


The RL standards are actually a series of standards that are analyzed at the beginning and 
at the end of each run.  The lowest of the RL standards may be used to evaluate the 
sensitivity of reportable elements under method 6010C.  This may be a low level client-
specific analysis, or it may be the standard reporting limits for an aqueous sample or a 
soil/solid material.  The standards must have a percent recovery of 70-130%.  If an element 
fails the acceptance criteria to establish a specific RL, the RL standard may be re-analyzed.  
If the element failure continues, then either re-calibrate the instrument and rerun the 
affected samples or analyze the affected samples on another instrument with a passing RL 
verification standard for the element(s) of interest. 


Method Sequence 


• Calibration of instrument 


• Initial Calibration Verification Standard 


• Initial Calibration Blank 


• LLICV 


• Interference Check Solution A 


• Interference Check Solution AB 


• CRI 


• Continuing Calibration Verification Standard 


• Continuing Calibration Blank 


• samples 


• Continuing Calibration Verification Standard 


• Continuing Calibration Blank 
• Samples 


• LLCCV 


• Continuing Calibration Verification Standard 


• Continuing Calibration Blank 


 


 


10. Procedure 


10.1 Equipment Set-up 


10.1.1 Sample Preparation 
Preliminary treatment of most matrices is necessary because of the complexity and 
variability of sample matrices. Groundwater samples which have been prefiltered and 
acidified will not need acid digestion. Samples which are not digested must either use an 
internal standard or be matrix matched with the standards.  
 


10.1.2 Instrument Set-Up 
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Set up the instrument with proper operating parameters established as detailed below. 


The instrument must be allowed to become thermally stable before beginning (usually 


requiring at least 30 minutes of operation prior to calibration).  


 


Startup Procedures 


 
For  iCAP Duo 6500 
 
� Turn on power to the chiller 


� Click on ThermoSpec Icon; enter analyst initials in login screen 


� Click on Plasma icon to start instrument 


� Allow to warm up for 30 minutes 


� Enter analytical workgroup number (obtained from LIMS) globally under the 
Instrument menu by selecting Tools, then Options, then Analyst. 


� Click on the Sequence tab and enter the sequence by selecting New 
Autosampler Table, Add Sequence, Add # of spaces. 


� Enter the sample locations and IDs 


� Press Run Auto-Session button (►) in menu bar. 


 
 10.1.2.1   Specific wavelengths are listed in Table 1. Other wavelengths may be substituted 


if they can provide the needed sensitivity and are corrected for spectral 


interference. The instrument and operating conditions utilized for determination 


must be capable of providing data of acceptable quality to the program and data 


user.  


 


  Operating conditions for axial plasma will vary from 1100 – 1500 watts forward 


power, 15-19 Liters/min argon coolant flow, 0.5 – 0.7 L/min argon nebulizer flow, 


140 – 200 rpm pump rate and a default 1 minute preflush time and 10 second 


measurement time is recommended for all simultaneous instruments.  


 


 


       10.1.2.2  The plasma operating conditions need to be optimized prior to use of the 


instrument. This routine is not required on a daily basis, but only when first setting 


up a new instrument or following a change in operating conditions. The following 


procedure is recommended or follow manufacturer's recommendations. The 


purpose of plasma optimization is to provide a maximum signal to background 


ratio for some of the least sensitive elements in the analytical array. The use of a 


mass flow controller to regulate the nebulizer gas flow or source optimization 


software greatly facilitates the procedure. 


 
10.1.2.2.1 The Thermo ICP’s typically use a Meinhard Nebulizer.  The nebulizer flow 


for each instrument is 1.0 +/- 0.2 mL/min.  


 
10.1.2.2.2  The 6500 Duo instruments automatically perform a wavelength check at start 


up without user interaction. 
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10.1.2.2.3 The instrument operating condition finally selected as being optimum must 


provide the lowest reliable instrument detection limits and method detection 


limits. 


 


10.1.2.2.4 If either the instrument operating conditions, such as incident power or 


nebulizer gas flow rate are changed, or a new torch injector tube with a 


different orifice internal diameter is installed, the plasma and argon 


pressures must be reoptimized. 


 


              10.1.2.2.5  After completing the initial optimization of operating conditions, but before 


analyzing samples, the laboratory must establish and initially verify an 


interelement spectral interference correction routine to be used during sample 


analysis. A general description concerning spectral interference and the analytical 


requirements for background correction in particular are discussed in the section 


on interferences. Criteria for determining an interelement spectral interference is 


an apparent positive or negative concentration for the analyte that falls within ± 


the RDL. The upper control limit is the analyte instrument detection limit. Once 


established, the entire routine is periodically verified annually. In between that 


time, IEC’s are done on a need be basis per analyte.  Only a portion of the 


correction routine must be verified more frequently or on a daily basis. Initial and 


periodic verification of the routine must be kept on file. Special cases where 


continual verification is required are described elsewhere. 


 


10.1.2.3 Sensitivity, instrumental detection limit, precision, linear dynamic range, and 


interference effects must be established for each individual analyte line on each 


particular instrument. All measurements must be within the instrument linear 


range where the correction equations are valid. 


 
10.1.2.3.1 Method detection limits must be established for all wavelengths utilized for 


each type of matrix commonly analyzed. The matrix used for the MDL 


calculation must contain analytes of known concentrations within 3-5 times 


the anticipated detection limit. 


 


10.1.2.3.2 Determination of limits using reagent water MDLs represent a best case 


situation and do not represent possible matrix effects of real world samples. 


 


10.1.2.3.3 If additional confirmation is desired, reanalyze the seven replicate aliquots 


on two more non-consecutive days and again calculate the method 


detection limit values for each day. An average of the three values for each 


analyte may provide for a more appropriate estimate. 


 


10.1.2.3.4 The upper limit of the linear dynamic range must be established for each 


wavelength utilized by determining the signal responses from a minimum 


for three, preferably five, different concentration standards across the 


range. One of these must be near the upper limit of the range. The ranges 


which may be used for the analysis of samples must be judged by the 


analyst from the resulting data. The data, calculations and rationale for the 


choice of range made must be documented and kept on file. The upper 


range limit must be an observed signal no more than 10% below the level 


extrapolated from lower standards. Determined analyte concentrations that 


are above the upper range limit must be diluted and reanalyzed. The 
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analyst must also be aware that if an interelement correction from an 


analyte above the linear range exists, a second analyte where the 


interelement correction has been applied may be inaccurately reported. 


New dynamic ranges must be determined whenever there is a significant 


change in instrument response. The linear dynamic range is checked on an 


annual basis.  For those analytes that are known interferences, and are 


present at above the linear range, the analyst must ensure that the 


interelement correction has not been inaccurately applied. 


 


NOTE: Many of the alkali and alkaline earth metals have 


non-linear response curves due to ionization and self-


absorption effects. These curves may be used if the instrument 


allows; however the effective range must be checked and the 


second order curve fit must have a correlation coefficient of 


0.995 or better. Third order fits are not acceptable. These 


non-linear response curves must be revalidated and 


recalculated every six months. These curves are much more 


sensitive to changes in operating conditions than the linear 


lines and must be checked whenever there have been 


moderate equipment changes. 


10.1.2.4 The analyst must (1) verify that the instrument configuration and operating 
conditions satisfy the analytical requirements and (2) maintain quality control data 
confirming instrument performance and analytical results. 


10.2 Initial Calibration 


Calibrate the instrument according to the instrument manufacturer's recommended procedures, 
using the typical mixed calibration standard solutions described in Section 8.7. Flush the system 
with the calibration blank (Section 8.8.1) between each standard or as the manufacturer 
recommends. (Use the average intensity of multiple exposures for both standardization and 
sample analysis to reduce random error.) The calibration curve consists of a calibration blank, 
RL standard and a high level standard. Calibration curve verification is accomplished through 
the analysis of the ICV, LLICV and CRI standards. 


10.3 Equipment Operation and Sample Processing 


10.3.1 For all analytes and determinations, the laboratory must analyze an ICV (Section 8.9), 


and a calibration blank (ICB, Section 8.8.1), immediately following daily calibration.  


A calibration blank (CCB, Section 8.8.1) and a calibration verification standard (CCV, 


Section 8.9) must be analyzed after every tenth sample and at the end of the sample run. 


Analysis of the calibration verification (CCV) must verify that the instrument is within 10% 


of the calibration with the relative standard deviation < 5% from replicate (minimum of 


three) integrations.  


If the calibration cannot be verified within the specified limits, the sample analysis must 


be discontinued, the cause determined and the instrument recalibrated. All samples 


following the last acceptable ICB, ICV, CRI, CCV or CCB must be reanalyzed. The 


analysis data for the calibration blank, check standard, and ICV or CCV must be kept on 


file with the sample analysis data.  


10.3.2 Rinse the system with the calibration blank solution (Section 8.8.1) before the analysis of 


each sample. The suggested default rinse time is one minute. Each ICP instrument may 


establish a reduction in this rinse time through a suitable demonstration. 







Alpha Analytical, Inc.  ID No.:2144   
Facility: Westborough                                      Revision 6 
Department: Metals Analysis  Published Date:2/4/2014 12:01:44 PM  
Title:  Inductively Coupled Plasma   Atomic Emission Spectrometry EPA 6010 Page 17 of 24  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 06-01  


10.3.3 Dilute and reanalyze samples that exceed the linear calibration range or use an 


alternate, less sensitive line for which quality control data is already established. 


10.3.4 If less than acceptable accuracy and precision data are generated a series of tests are 


performed prior to reporting concentration data for analyte elements. At a minimum, 


these tests should be performed with each batch of samples prepared/analyzed with 


corresponding unacceptable data quality results. These tests, as outlined in Sections 


10.3.4.1 and 10.3.4.2, will ensure that neither positive nor negative interferences are 


operating on any of the analyte elements to distort the accuracy of the reported values. 


10.3.4.1 Post Digestion Spike Addition: If the matrix spike recoveries are unacceptable an 


analyte spike added to a portion of a prepared sample, or its dilution, must be run, recovery limits 


equal to 80% to 120% of the known spike value. The spike addition must produce a minimum 


level of 10 times and a maximum of 100 times the instrumental detection limit. If the spike is not 


recovered within the specified limits, a dilution test (10.3.4.2) should be performed. If both the 


MS/MSD and post spike fail then a matrix effect must be suspected. 


10.3.4.2 Dilution Test: If the analyte concentration is sufficiently high (minimally, a factor of 10 


above the lower limit of quantitation after dilution), an analysis of a 1:5 dilution must agree within 


± 10% of the original determination. If not, a chemical or physical interference effect must be 


suspected. 


10.3.5 CAUTION: If spectral overlap is suspected, use of computerized compensation, an 
alternate wavelength, or comparison with an alternate method is recommended. 


10.4 Continuing Calibration 


10.4.1 Check calibration with an ICV following the initial calibration (Section 8.9). Verify 


calibration with the Continuing Calibration Verification (CCV) Standard (Section 8.9) at 


the end of the initial calibration sequence (ICV, ICB, ICSA, ICSAB, CRI, project specific 


RDL standards), after every ten samples, and at the end of an analytical run. At the 


laboratory's discretion, an ICV may be used in lieu of the continuing calibration 


verifications. If used in this manner, the ICV must be at a concentration near the 


mid-point of the calibration curve. Use a calibration blank (Section 8.8.1) immediately 


following daily calibration, after every 10 samples and at the end of the analytical run. 


 


A CRI (Section 8.11) must be analyzed after the ICSAB.  The concentration of the CRI is 


2 – 5 times that of each element’s RDL.  The linearity of the instrument is confirmed on 


an annual basis by an LDR standard at +/-10% recovery.  


 


10.4.1.1 The results of the ICV are to agree within 10% of the expected value, and CCVs 


are to agree within 10% of the expected value; if not, terminate the analysis, 


correct the problem, and recalibrate the instrument. 


 


10.4.1.2 The results of the calibration blank are to agree within three times the IDL. If not, 


repeat the analysis two more times and average the results. If the average is not 


within three standard deviations of the background mean, terminate the analysis, 


correct the problem, recalibrate, and reanalyze the previous 10 samples. If the 


blank is less than 1/10 the concentration of the action level of interest, and no 


sample is within ten percent of the action limit, analyses need not be rerun and 


recalibration need not be performed before continuation of the run. 
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10.4.1.3 The results of the CRI must be within 30% of the true value.  If they are not, 


correct the problem and recalibrate the instrument.  (Any element may be 


analyzed on a different ICP that has passed the CRI.) 


 


10.4.2 Verify the interelement and background correction factors at the beginning of each 


analytical run. Do this by analyzing the ICSA/ICSAB (Section 8.10). Results must be 


within 80 – 120% of the true value for the analytes of interest in the ICSAB. 


 
10.4.3 When low-level sensitivity is required, a check standard at the requested limit of 


quantitation is analyzed to confirm the reported detection limit (RDL).  This is performed 
on a project-by-project basis. 


10.5 Preventive Maintenance 


Whenever instrument maintenance is performed, it is noted in the instrument’s Maintenance 
Logbook. 


10.5.1 Daily 


Inspect the nebulizer pump tubing from the Autosampler to the Nebulizer. Replace if 
necessary. 


10.5.2 Monthly or as needed 


Remove the torch, “shot glass”, nebulizer and spray chamber.  Clean each with 10% Nitric 
Acid and rinse with tap water.  Coat the inside of the spray chamber and shot glass  with 
concentrated Sulfuric Acid and soak for one hour, then rinse well with DI water. Soak the 
torch and nebulizer in aqua regia overnight, then rinse with DI water. 


10.5.3 Every 6 months 


Preventive Maintenance is performed by the Vendor or in-house personnel as follows:    


� check the cooling system  


� flush/refill the chiller with distilled water and antibacterial conditioner  


� clean the instrument to regain intensity   


� clean/replace air filters. 


11. Data Evaluation, Calculations and Reporting 


11.1    If dilutions were performed, the appropriate factors must be applied to sample values.   All 


results must be reported with up to three significant figures. 


 


11.2      Soil samples  
Soil samples are calculated as follows: 


 


         Sample weight (grams) 


A  =  --------------------------------- 


             Final Volume (mL) 


 


 


              Concentration of analyte (mg/L) 


B (concentration in mg/Kg)   =       -------------------------------------------- 


                A 
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11.2.1   Dry weight correction 


    The LIMS calculates the dry weight correction, however it is calculated as follows: 


 


              B 


    Final concentration in mg/Kg dry weight    =     ----------------   


        % Solids 


 


11.3     Liquid samples 
Liquid samples are calculated as follows: 


 


 


         Final Volume (mL) 


Dilution Factor  =   ------------------------------- 


       Sample Volume (mL) 


 


      


Final concentration in mg/L  =   Concentration of analyte (mg/L)    x    Dilution Factor 


 


 


11.4     Calculations for Hardness 
The method for determining hardness is to compute it from the results of separate 


determinations of Calcium and Magnesium on aqueous samples. 


 


11.4.1  Total Hardness 


 


Total Hardness, mg equivalent CaCO3/L =  [2.497 (Ca, mg/L)] + [4.118 (Mg, mg/L)] 


   


11.4.2  Calcium Hardness 


        


    Calcium Hardness, mg equivalent CaCO3/L =  [2.497 (Ca, mg/L)] 


 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Also refer to Section 9 for Quality Control and acceptance criteria. 


If the ICSA or ICSAB is outside of the 80 – 120% recovery window, then the standard is reanalyzed.  
If the standard failure continues, the IECs for the element/elements in question are reviewed and 
recalculated if necessary. 


Immediate corrective action for a failing CCV/CCB includes reanalyzing the failing standard.  If the 
standard passes the second time then the analysis may be continued.  The raw data is noted.  If the 
standard fails again, the problem must be found and corrected.  The CCV/CCB standard is remade 
and reanalyzed.  If the standard passes, then the data that had failed up to the previous passing 
standard is reanalyzed.   


If the standard fails after instrument maintenance, the instrument is recalibrated.  A new ICV/ICB is 
performed, and all previous data that had failed up to the previous passing CCV/CCB is reanalyzed.  


The procedure outline above is also conducted for a failing LCS or Method Blank.   
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If the Matrix Spike does not meet acceptance criteria, a Post Spike is performed.  The recovery must 
be within 80-120% of the true value for aqueous samples and within 80-120% of the true value for 
soil samples.  If these criteria are met, then the Matrix Spike data is reported, with the post spike 
narrated on the final report.  If the post spike fails the acceptance criteria, the Department Manager 
is notified to determine what type of matrix interference is present, and whether a serial dilution must 
be performed. 


If sample Duplicates are outside of the acceptance criteria, the analyst examines the sample for 
homogeneity.  If the sample is not homogenous, this is narrated on the final report.  Clean, 
homogenous samples are redistilled and reanalyzed within holding time.   


Sample nonconformance regarding a Matrix Spike recovery or a duplicate %RSD is narrated on the 
final report along with the corrective action(s) taken. 


If the ICSA or the ICSAB are outside of the 80-120% window then the standard in question must be 
re-analyzed.  If the standard failure continues, then check the IECs for the element(s) in question 
and re-calculate and recalibrate the instrument.  The instrument is recalibrated, verified with the 
ICV/ICB and the ICSA/ICSAB are then re-analyzed.  If the standard failure repeats, then a fresh 
standard is prepared and re-analyzed.  If failure continues notify the Department Supervisor.   
 
The RL standards must have a % Recovery of 70-130%.  If an element fails the acceptance criteria, 
the RL standards may be re-analyzed if the element must be included in the analytical event.  If the 
element failure continues, then either re-calibrate the instrument and rerun the affected samples or 
analyze the sample on another instrument. 
 
If the CRI (low level check standard), is recovered outside of the 70-130% window, the standard may 
be re-analyzed if the element must be included in the analytical event. If the element failure 
continues, then either re-calibrate the instrument or analyze the sample on another instrument. 


 


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14.  Pollution Prevention and Waste Management 


Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  
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15. Referenced Documents 


 Chemical Hygiene Plan 


SOP #1732 MDL/LOD/LOQ Generation 


SOP# 1739 IDC/DOC Generation 


SOP# 1728 Waste Management and Disposal  


16.  Attachments 


TABLE 1:  Element Wavelengths 


TABLE 2:  Precision and Accuracy Acceptance Criteria 


TABLE 3:  Reporting Limits 


 


 


TABLE 1 


ELEMENT WAVELENGTHS 
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Element 


6500 Duo 
wavelength 


(nm) 


Pb 220.3 


Se 196.0 


Sb 206.8 


As 189.0 


Ba 455.4 


Be 313.0 


Cd 214.4 


Co 228.6 


Cu 324.7 


Cr 267.7 


Fe 259.9 


Mn 257.6 


Mo 202.0 


Ni 231.6 


Ag 328.0 


Tl 190.8 


V 292.4 


Zn 206.2 


Al 396.1 


Ca 315.8 


Mg 279.0 


B 208.9 


Si 212.9 


Sn 189.9 


Sr 421.5 


Ti 334.9 


Bi 223.0 


Na 589.5 


K 766.4 


S 180.7 
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       TABLE 2 
          PRECISION AND ACCURACY ACCEPTANCE CRITERIA 


 


 


 
 
 
 
 
 
 
 
 
 
 


 
% Recovery         


LCS 


Aqueous               
% Recovery 


MS 


Soil  %  Recovery 
SRM 


Duplicate 


Element 
Lower 
Control 
Limit 


Upper 
Control 
Limit 


Lower 
Control 
Limit 


Upper 
Control 
Limit 


Lower 
Control 
Limit 


Upper 
Control 
Limit 


Aqueous 
%RPD 


Soil 
%RPD 


Aluminum 80 120 75 125 29 171 20 20 


Antimony 80 120 75 125 4 196 20 20 


Arsenic 80 120 75 125 81 119 20 20 


Barium 80 120 75 125 83 118 20 20 


Beryllium 80 120 75 125 83 117 20 20 


Boron 80 120 75 125 70 129 20 20 


Cadmium 80 120 75 125 82 117 20 20 


Calcium 80 120 75 125 83 117 20 20 


Chromium 80 120 75 125 80 119 20 20 


Cobalt 80 120 75 125 83 117 20 20 


Copper 80 120 75 125 83 117 20 20 


Iron 80 120 75 125 51 150 20 20 


Lead 80 120 75 125 80 120 20 20 


Magnesium 80 120 75 125 74 126 20 20 


Manganese 80 120 75 125 83 117 20 20 


Molybdenum 80 120 75 125 81 119 20 20 


Nickel 80 120 75 125 82 117 20 20 


Potassium 80 120 75 125 74 126 20 20 


Sulfur 80 120 75 125 NA NA 20 20 


Selenium 80 120 75 125 80 120 20 20 


Silica (SiO2) 80 120 75 125 NA NA 20 20 


Silver 80 120 75 125 66 134 20 20 


Sodium 80 120 75 125 74 127 20 20 


Strontium 80 120 75 125 80 120 20 20 


Thallium 80 120 75 125 79 120 20 20 


Tin 80 120 75 125 69 131 20 20 


Titanium 80 120 75 125 82 118 20 20 


Vanadium 80 120 75 125 79 121 20 20 


Zinc 80 120 75 125 82 119 20 20 
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          TABLE 3 
          REPORTING LIMITS 


 
 


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


Element Aqueous  
(mg/L) 


Soil 
(mg/Kg) 


ALUMINUM 0.10 4.0 


ANTIMONY 0.05 2.0 


ARSENIC 0.005 0.40 


BARIUM 0.01 0.40 


BERYLLIUM 0.005 0.20 


BORON 0.03 1.2 


CADMIUM 0.005 0.40 


CALCIUM 0.10 4.0 


CHROMIUM 0.01 0.40 


COBALT 0.02 0.80 


COPPER 0.01 0.40 


IRON 0.05 2.0 


LEAD 0.01 2.0 


MAGNESIUM 0.10 4.0 


MANGANESE 0.01 0.40 


MOLYBDENUM 0.05 2.0 


NICKEL 0.025 1.0 


POTASSIUM 2.5 100 


SULFUR 0.25 10 


SELENIUM 0.01 0.80 


SILICON 0.50 20 


SILVER 0.007 0.40 


SODIUM 2.0 80 


STRONTIUM 0.01 2.0 


THALLIUM 0.02 0.80 


TIN 0.05 4.0 


TITANIUM 0.01 0.40 


VANADIUM 0.01 0.40 


ZINC 0.05 2.0 
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Microwave Extraction 


Reference Methods: EPA 3546, SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, 


EPA SW-846, Update III, February 2007. 


1. Scope and Application 


Matrices: Soil, solid, clay, sediment, sludge, solid waste 


Definitions:  Refer to Alpha Analytical Quality Manual. 


Method 3546 is a procedure for extracting water insoluble or slightly water soluble organic 
compounds from soils, clays, sediments, sludges, and solid wastes. The procedure uses microwave 


energy to produce elevated temperature and pressure conditions (i.e., 75˚C and 50 - 175 psi) in a 
closed vessel containing the sample and organic solvent(s) to achieve analyte recoveries equivalent 
to those from Soxhlet extraction (Method 3540), using less solvent and taking significantly less time 
than the Soxhlet procedure. 
 
This method is applicable to the extraction of a variety of semivolatile organic compounds, some of 
which are: substituted phenols, PCBs, and PCDDs/PCDFs.  The extracts are analyzed by the 


appropriate chromatographic procedure(s). 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the Microwave. Each analyst must demonstrate the ability to generate acceptable results with this 
method by performing an initial demonstration of capability, analyzing a proficiency test sample and 
completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


2. Summary of Method 


Samples are prepared for extraction following the LEAN one-piece flow methodology and loaded into 
the extraction vessel. The appropriate solvent (See Table 2) is added to the vessel and sealed.  The 
extraction vessel containing the sample and solvent is heated to the extraction temperature and 
extracted for 20- 40 minutes.  The extraction mixture is allowed to cool. The vessel is opened and the 
contents are filtered. 
 
The extract is then concentrated and (as needed) exchanged into a solvent compatible with the 
cleanup or determinative procedure being employed.  Extracts are then vialed and transferred to the 
Analytical Department. 


2.1 Method Modifications from Reference 


None. 


 







Alpha Analytical, Inc.  ID No.:1959   
Facility: Westborough                                          Revision 8 
Department: Organic Extractions  Published Date:9/2/2014 12:54:47 PM  
Title:  Microwave Extraction EPA 3546  Page 2 of 16  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 02-12  


3. Reporting Limits 


Reporting Limit information may be found in the various determinative method SOPs. 


 


4. Interferences 


4.1 The most common cause of contamination is from improperly cleaned glassware and lab 
supplies.  All glassware and re-useable extraction equipment (i.e. spatulas, extraction 
vessels) must be scrupulously cleaned, following the Organic Extraction Glassware 
Cleaning and Handling SOP and Work instruction 10995, Solvent rinsing/filtering guide. 


4.2 Impurities in solvents and reagents may also yield artifacts and/or interferences that may 
compromise the results of sample analysis.  All of these materials must be demonstrated to 
be free from interferences under the conditions of extract preparation and analysis by 
preparing method blanks with each extraction batch. The same solvents and reagents are 
used for the method blank and the associated samples. 


4.3 Phthalate esters contaminate many types of products used in the laboratory.  Plastic 
materials must not contact the samples or extracts, as phthalates could be easily leached 
from the plastic. The exception is in the use of various pre-packed reagent cartridges 
(Florisil, Silica gel) used in the extract cleanup steps.  Each new lot of cartridges is checked 
for contamination, and is monitored on an on-going basis through the analysis of method 
blanks. 


4.4 Additional specific interference or contamination concerns are addressed in the various 
analytical SOPs.  If necessary, Florisil, Sulfuric Acid, Silica Gel and/or Sulfur cleanup 
procedures may be employed. 


 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


5.1   The extraction vessels are at elevated temperatures and pressure after the extraction stage. 


Allow the vessels to cool at room temperature or in the refrigerator before opening. 


5.2   During the heating step, some solvent vapors may escape through the vessel liner/seal 


cover. Follow the manufacturer's directions regarding the vessel assembly and instrument 
setup to prevent release of solvent vapors to the laboratory atmosphere. 


5.3   The instrument contains flammable vapor sensors and should be operated with all covers in 


place and doors closed to ensure proper operation of the sensors. Follow the 
manufacturer's directions regarding replacement of extraction vessel seals when frequent 
vapor leaks are detected. 
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5.4  Lab coats, safety glasses, and gloves must be worn when handling samples, extracts, 


standards or solvents and when washing glassware. 


5.5   All extract concentration steps must be performed in the extraction hoods. All solvent and 


extract transfers must also be handled in the hood. 


5.6   All expired stock standards, working standards, and spent sample extracts must be placed 


into the waste bucket in the lab, for future disposal by the Hazardous Waste Manager.  The 
container must be properly labeled with hazard warning labels indicating the container 
contents. 


5.7   Bottles containing flammable solvents must be stored in the flammables cabinet or in the 


vented cabinets found under the hoods. 


5.8 All waste solvents must be transferred to the satellite waste storage containers located in 
the extraction lab.  Separate containers are provided for chlorinated and non-chlorinated 
solvents and must be used accordingly. Under no circumstances are solvents to be poured 
down the sink drains. 


5.9 Inspect all glassware prior to use.  Do not use any glassware that is chipped, cracked or 
etched if it could present a safety hazard.  Damaged glassware is put aside for repair, 
otherwise discard the piece. 


5.10 All Field Samples must be opened and handled in a hood. 


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Sample collection and preservation requirements are described the in the various analytical 
method SOPs. 


6.2 Sample Preservation 


None. 


6.3 Sample Shipping 


See applicable Sample Custody SOP. 


6.4 Sample Handling 


All soil samples are stored, refrigerated, in the Custody sample refrigerators.  Samples are 
removed by the analyst immediately prior to sample extraction.  The chemist must take custody 
of the samples by signing them out utilizing the LIMS. 


When possible, samples must be homogenized prior to taking the sample aliquot, as described 
in Section 10.1.  After the sample aliquot is removed, the samples are returned to the Sample 
Bank and placed in the appropriate sample refrigerator.  Custody of the samples is transferred 
utilizing the LIMS. 
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7. Equipment and Supplies 


7.1 Spatulas: Stainless steel.   


7.2 Beakers: Stainless Steel 250mL. 


7.3 Mortar and Pestle: Capable of reducing particle size to <1mm. 


7.4 Kuderna-Danish (K-D) apparatus: Assemble by attaching the Concentrator Tube 


to the Evaporation Flask using the Plastic Kek clip. Add the Macro Snyder column to the 
Evaporation Flask. The Micro Snyder Column is attached directly to the Concentrator Tube 
using the Plastic  Kek Clip. 


7.4.1 Concentrator tube:  25mL, graduated and calibrated.  A ground-glass stopper is used 
to prevent evaporation of extracts. 


7.4.2 Evaporation flask:  500mL.  Attach to concentrator tube with plastic kek clips.  


7.4.3 Snyder column:  Three-ball macro. 


7.4.4 Plastic Kek Clips. 


7.5 S-EVAP Water Bath with Solvent Collection Capability: Heated. Capable of 


temperature control (0.1C).  Baths are located in a hood.  Baths are equipped with chilled 
water condensers for solvent collection. 


7.6 Bucchi Concentration System: Base Unit, Chiller, Pump, Block, Controller and 


180mL Glass Vessels.  


7.7 Boiling Chips: Solvent-extracted, approximately 10/40 mesh (silicon carbide or 


equivalent). 


7.8 Syringe:  1.0mL, 250µL, 25uL, Various sizes for measuring surrogates and spikes  


7.9 Disposable Borosilicate Transfer Pipets. 


7.10 Brady labeling system: Thermal label generator. 


7.11 Sodium Sulfate glass filtering funnels.  Add a plug of glass wool to the base of the 


75mm glass funnel.  Add approximately 20grams of baked sodium sulfate.  


7.12 Glass wool: SUPELCO, silane treated. 


7.13 Whatman Filter Paper: used for filtering all Pesticide/8081.(Whatman no.1 or 


equivalent) 


7.14 Graduated Cylinder: 25 and 50mL. 


7.15 N-EVAP:  Organomation; Various sizes utilized for micro blowdown. 
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7.16 Aluminum weighing dishes: VWR Cat#25433-089 


7.17 Solvent pump dispenser: Dispensette Organic 100ml 


7.18 Analytical Balance: Capable of weighing to 0.01g 


7.19 Multi-position Stirring Plates 


7.20 Magnetic Stirring Bars  


7.21 250mL Volumetric Flask 


7.22 Milestone Microwave Laboratory System: 


7.22.1 Microwave extraction vessels: With inserts, plugs, and caps.  Capable of 
accommodating 1g to 30g of sample and 30mL of Extraction Solvent.  Vessels are 
transparent to microwave energy, relatively inert to reagents and sample components, 
and capable of withstanding the temperature and pressure requirements (minimum 


conditions of 75˚C and 200psi) necessary to perform this procedure. Follow the 
manufacturer’s instructions regarding cleaning, handling, and sealing the vessels. 


7.22.2 Extraction Vessel Turntable: and cover.  Used to hold and rotate the extraction 
vessels during extraction. 


7.22.3 ATC-FO Sensor and Thermowell.  To measure sample temperature (± 2.5˚C) and 
adjust microwave wattage accordingly, up to 1200W. 


7.23   Microwave Accelerated Reaction System (MARS): CEM Corporation. The 


temperature performance requirements necessitate that the microwave extraction system 


be capable of sensing the temperature to within ± 2.0˚C and automatically adjusting the 
microwave field output power within 2 seconds of sensing. Temperature sensor is accurate 


to ± 2˚C and adjustable microwave wattage to 1600W. Temperature feedback control 
provides the primary performance mechanism for the method.  


7.23.1 Microwave extraction vessels:  With plugs and caps. Capable of accommodating 1g 
to 30g samples. Vessels are transparent to microwave energy, relatively inert to 
reagents and sample components, and capable of withstanding the temperature and 


pressure requirements (minimum conditions of 75˚C and 200psi) necessary to perform 
this procedure. Follow the manufacturer’s instructions regarding cleaning, handling, 
and sealing the vessels. 


7.23.2 Kevlar sleeves. 


7.23.3 Extraction Vessel Turntable:  Used to hold and rotate the extraction vessels during 
extraction. 
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8. Reagents and Standards 


Reagent grade chemicals are used in all tests. Unless otherwise indicated, it is intended that all 
reagents shall conform to the specifications of the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available. Other grades may be used, 
provided it is first ascertained that the reagent is of sufficiently high purity to permit its use without 
lessening the accuracy of the determination. 


 


8.1 Reagent Water: All references to water in this method refer to reagent water from 


Alpha’s RO water treatment system. 
 


8.2 Sodium Sulfate (Na2SO4): Granular anhydrous; purified by baking at 400ºC for 4 


hours in a glass beaker.  Store in closed glass containers. All references to sodium sulfate 
in this method refer to this prepared reagent.  Sodium sulfate is also used for filtering. 


 


8.3 Ottwa Sand: Purified by baking at 400C for 4 hours in a shallow tray. 


 


8.4 Hexane: Pesticide quality.   


 


8.5 Acetone: Pesticide quality.   


 


8.6 Dichloromethane: Pesticide quality.   


 


8.7 Nitrogen Gas: Reagent grade, used to purge and pressurize the extraction cell and as 


the concentration gas in the Turbovap II auto-concentrator units and the N-EVAP.   
 


8.8 Spiking Solutions: Commonly used surrogate and LCS/MS spiking solutions used in 


the extraction steps are listed in Table 2.  Additionally, the Sample Extraction Guide has a 
complete listing of all surrogate and LCS/MS spiking solutions.  The preparation and 
expiration dates of these solutions are described in the analytical SOPs. 


 


8.9 Extraction Solvents: This method has been validated using a 1:1 mixture of hexane 


and acetone, 1:1 mixture of methylene chloride and acetone, or 100% Methylene Chloride 
for matrices such as soil, glass-fibers, and sand. Other solvent systems may have 
applicability in microwave extraction, provided that at least one component absorbs 
microwave energy. The choice of extraction solvent will depend on the analytes of interest 
and no single solvent is universally applicable to all analyte groups. Whatever solvent 


system is employed, including those specifically listed in this method, the analyst must 
demonstrate adequate performance for the analytes of interest, at the levels of interest. 
Method 8000 describes procedures that may be used to develop performance criteria for 
such demonstrations as well as for matrix spike and laboratory control sample results. 
 
Hexane is a water-immiscible solvent and acetone is a water-miscible solvent. The purpose 
of the water-miscible solvent is to facilitate the extraction of wet solids by allowing the 
mixed solvent to penetrate the layer of water of the surface of the solid particles. The water 
immiscible solvent extracts organic compounds with similar polarities. The polarity of 
acetone may also help extract polar analytes in mixed solvent systems.  When 100% 
Methylene Chloride is used, water is added as a catalyst to absorb microwave energy for 
method 8270. 
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8.10 Silica Gel: VWR, Cat# TX4694MAAA. 60 - 200 mesh, chromatography grade. Activated 


by baking at 140 °C for a minimum of 14 hours in a shallow tray. The silica gel is stored in 
the oven or desiccator until ready for use. All references to silica gel in this method refer to 
this prepared reagent. 
 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


Each extraction batch contains various QC samples used to ensure the validity of the sample 
results.  The particular QC elements performed for a given extraction batch are determined by the 
requirements of the determinative method.  The purpose and definition of the QC samples 
performed are listed below.  Specific QC requirements of the analytical methods are listed in Table 
2 and the Sample Extraction Guide. 


9.1 Blank 


Blanks, or method blanks, are measured aliquots of clean matrix (typically sodium sulfate or 
sand for soil extractions) that are treated identically to the associated samples.  Surrogates are 
added, and the blanks are carried through all stages of the sample extraction, concentration, 
and cleanup procedures.  Blanks serve to ensure that no systematic contamination exists. A 
blank is extracted with each batch or 20 or less samples. 


9.2 Laboratory Control Sample / Laboratory Control Sample Duplicate 
(LCS/LCSD) 


LCS samples are measured aliquots of clean matrix (typically sodium sulfate for soil 
extractions) that are spiked with a solution containing known amounts of target compounds, in 
addition to the surrogate solution.  The LCS is carried through all stages of the sample 
extraction, concentration, and cleanup procedures. LCS samples serve as batch specific 
quantitative checks of the extraction.  An LCS is extracted with each batch of 20 or less 
samples.  


An LCSD is performed in addition to an LCS for all Massachusetts Contingency Plan (MCP) 
methods, as well as in lieu of the MS/MSD or Duplicate when there is insufficient sample 
volume available. The required solutions are listed in Table 2 and the Sample Extraction Guide. 


9.3 Initial Calibration Verification (ICV)  


Not Applicable. 


9.4 Continuing Calibration Verification (CCV) 


Not Applicable. 


9.5 Matrix Spike / Matrix Spike Duplicate (MS/MSD) 


MS and MSDs are field samples spiked with a known quantity of the target analyte(s).  They 
are prepared by taking additional sample aliquots, and adding the appropriate amounts of 
surrogate and spiking solutions.  The MS/MSD is carried through all stages of the sample 
extraction, concentration, and cleanup procedures.  MS samples serve as a measure of 
extraction accuracy, by allowing the comparison of the found amount(s) of target analyte(s) with 
the spiked amount(s).  An MS/MSD set also allows for the calculation of the extraction 
precision, by comparing the results of the two samples.  Requirements for MS and MSD are 
listed in Table 2 and the Sample Extraction Guide. 
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9.6 Laboratory Duplicate 


Duplicates are laboratory selected replicate samples, prepared by taking an additional sample 
aliquot of a sample.  The duplicate is carried through all stages of the sample extraction, 
concentration, and cleanup procedures.  Duplicates serve as a measure of the extraction 
precision, by comparing the results of the sample and duplicate.  Requirements for Duplicates 
are listed in Table 2 and the Sample Extraction Guide. 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates 


Surrogates are compounds specified by the analytical method that are added to all 
samples and QC samples prior to beginning the extraction process.  Surrogate 
recoveries are calculated and serve as a sample specific quantitative check of the 
extraction. The various spiking solutions are prepared according to the directions 
found in the analytical SOPs.  The required solutions and volumes used are listed 
in Table 2 and the Sample Extraction Guide. 


9.8 Method Sequence 


Refer to Section 10. 


 


10. Procedure 


All soil microwave soil extracts follow the LEAN “one-piece flow”.  All extraction information is 
recorded by the chemist performing the work in the ELN (Electronic Lab Notebook) see WI/2517.   
In addition to recording the extraction, concentration, clean-up and vialing information, the analyst 
must note the matrix “type” along with any observations, deviations from the procedure, or 
difficulties encountered with the samples in the comment section of the logbook.  


10.1 Sample Preparation and Extraction  


10.1.1 Soil Samples are scanned and removed from Sample Login Custody to Oprep Custody.  
Immediately after scanning, the samples are individually scanned into the ELN to create 
the Work Group.  Labels are printed and placed on the cap of the soil container.  See 
Work Instruction 2421, Labeling and Generating Work Groups and Batches. 


10.1.2 All Glassware is cleaned prior to the Extraction following SOP 1953, Organic Extraction 
Glassware Cleaning and Handling.  


10.1.3 During the extraction process, each soil or sediment sample is visually inspected.  If a 
sample contains a significant amount of free water, the chemist must contact login or the 
project manager to determine if the water is to be considered part of the sample.  If the 
water is not to be homogenized with the solid material, decant and discard the water 
layer.  Record this information in the comments section of the ELN. 


Any artifacts (rocks, leaves, sticks, or similar materials) are not typically considered part 
of the soil sample and are not to be included.  If necessary, transfer these artifacts to 
another container prior to homogenizing the sample.  Note the presence of sample 
artifacts in the ELN.  Gummy, fibrous, or oily materials not amenable to grinding must be 
cut, shredded, or otherwise reduced in size to allow mixing and maximum exposure of 
the sample surfaces for the extraction.  Record the sample matrix “type/description” in the 
comments section of the ELN using the Sample Matrix Description spreadsheet.     
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10.1.4 When possible, homogenize the sample well using a spatula by mixing the contents of 
the sample container. If this is difficult due to sample matrix, describe the non-
homogeneity in the ELN.   


10.1.5 The chemist must demonstrate that all equipment used during the extraction process 
interference-free.  This is accomplished through the analysis of a solid matrix (Sodium 
Sulfate or Ottawa Sand) Method Blank (SB).  A Method Blank is extracted with each 
batch of 20 or less samples. 


10.1.6 Two different microwave systems are eligible for use.  Both use the same temperature 
program and microwave energy, except the Milestone monitors temperature using a 
probe.  Both systems are acceptable for all Extraction Methods. 


10.1.7 Milestone Operation: Rinse the reaction vessels, caps, and plugs with Acetone and 
then DCM or Hexane. 


10.1.7.1 See Work Instruction WI/2421 for proper labeling procedures and one-piece flow 
operation. Typically 15-30 grams of the sample and 15grams of sodium sulfate is 
extracted.  Transfer the sample into the reaction vessel from the beaker or 
weighing tray. Add the appropriate surrogate and spiking solution. (Refer to 
Table 2 and the Sample Extraction Guide).   Sodium Sulfate is used for the QC 
substrate for all methods except 8270 and 8270 SIMTECH where Ottawa Sand is 
used for 8270 QC.  


10.1.7.2 For all Methods except 8270: Add 30-40mL of 1:1 Hexane:Acetone, 1:1 
DCM:Acetone or 100% DCM (or the appropriate extraction solvent) to each 
reaction vessel. (Refer to Table 1).  The amount of solvent used in the extraction 
will depend on the sample matrix.  Assure the sample matrix is covered with the 
extraction solvent prior to microwave extraction. 


10.1.7.3 Place a plug and a cap on each reaction vessel with one exception.  One vessel 
accommodates the temperature probe.  The temperature probe cap is missing 
the insert that screws into the middle of the cap. Place the thermowell into this 
vessel and screw on the cap. 


10.1.7.4 Place all labeled vessels onto the carousal making sure that the vessel prepped 
for the probe is in section one or two.  Section one or two allows for easy probe 
installation. Place the top of the carousel onto the top of the extraction vessels. 


10.1.7.5 Place the carousal on the open microwave door and fit the temperature probe 
into its receptacle.  Place the carousel into the microwave. 


10.1.7.6 On the microwave panel, log in as the “user” (oprep) and load the password 
(1,2,3).  Load the method”use this method” and click start.  The method consists 
of a 10 minute temperature ramp up to 75 deg. C.  Followed by a 30 minute hold 
step at 75 deg C.  Following the extraction, the carousel can be removed to cool.  
Place the carousel in the refrigerator for approximately 15minutes to cool, or 
leave at room temperature.  


10.1.7.7 Once samples have cooled to room temperature, twist the cap off the reaction 
vessel and filter through a sodium sulfate funnel and into a labeled KD Flask and 
concentrator tube or Zymark tube.  The sodium sulfate funnel contains glass 
wool and approximately 10-15grams of sodium sulfate.  Due to contamination 
issues, pesticide samples require filter paper instead of the glass wool.  Note- 
When opening the cap on the Teflon reaction vessel, point away from your body 
and perform this task in a fume hood. 


10.1.7.8 Proceed to sample concentration and cleanup step as required by the analytical 
method for the analyte(s) of concern. (Refer to Table 1.) 
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10.1.7.9 For 8270 and 8270 SIM TECH: See Work Instruction WI/2421 for proper labeling 
procedures and one-piece flow operation. Transfer 30 grams of the sample (a 
requirement) into the reaction vessel from the beaker or weighing tray. Note: 
sodium sulfate is not mixed with the sample. For QC samples, Ottawa sand is 
used, Add the appropriate surrogate and spiking solution. (Refer to Table 2 and 
the Sample Extraction Guide).  After adding the sample to the reaction vessel, 
using a 1.0mL syringe, add 1.0mL of DI water to the sample.     


10.1.7.10 Add 30mL of 100% DCM to each reaction vessel. (Refer to Table 1).  Additional 
solvent may be necessary in some cases depending on sample matrix.  Assure 
the sample matrix is covered with the extraction solvent prior to microwave 
extraction. 


10.1.7.11 Place a plug and a cap on each reaction vessel with one exception.  One vessel 
accommodates the temperature probe.  The temperature probe cap is missing 
the insert that screws into the middle of the cap. Place the thermowell into this 
vessel and screw on the cap. 


10.1.7.12 Place all labeled vessels onto the carousal making sure that the vessel prepped 
for the probe is in section one or two.  Section one or two allows for easy probe 
installation. Place the top of the carousel onto the top of the extraction vessels. 


10.1.7.13 Place the carousal on the open microwave door and fit the temperature probe 
into its receptacle.  Place the carousal into the microwave. 


10.1.7.14 On the microwave panel, log in as the “user” (oprep) and load the password 
(1,2,3).  Load the method ”method 8270” and click start.  The method consists of 
a 10 minute temperature ramp up to 75 deg. C.  Followed by a 10 minute hold 
step at 75 deg C.  Following the extraction, the carousal can be removed to cool. 
Place the carousel in the refrigerator for approximately 15minutes to cool, or 
leave at room temperature. 


10.1.7.15 Once samples have cooled to room temperature, filter through a sodium sulfate 
funnel (using DCM only) and into a labeled KD Flask and concentrator tube.  
Note- When opening the cap on the Teflon reaction vessel, point away from your 
body and perform this task in a fume hood. 


10.1.7.16 Proceed to sample concentration and cleanup step as required by the analytical 
method for the analyte(s) of concern. (Refer to Table 1.) 


10.1.8 MARS Microwave System Operation: Rinse the reaction vessels, caps, and plugs with 
Acetone and then DCM or Hexane. See Work Instruction WI/2421 for proper labeling 
procedures and one-piece flow operation. 


10.1.8.1 For all Methods except 8270: Using the MARS reaction vessel, caps and plugs, 
repeat steps 10.1.7 -10.1.7.8 for all samples.  Note the MARS System does not 
use an external temperature probe, rather an internal temperature system.  
Additionally the MARS uses a slightly different screen configuration.  


10.1.8.2 On the front panel of the microwave, select “Use This Method” from the User 
Directory.  Select the appropriate extraction method:  “3546 Express” 


 The following parameters are loaded with 3546 Express method: 


� Stage 1:  1600W @ 100% Power.   


� Ramp to 75°C for 10 minutes and hold for 30 minutes.   


� This stage is followed by a 5 minute Cool Down step. 


10.1.8.3 Remove each reaction vessel from the carousel for cooling. 
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10.1.8.4 Methods 8270 and 8270 SIM TECH: Using the MARS reaction vessel, caps and 
plugs, repeat steps 10.1.7.9 -10.1.7.16 for all samples.  Note the MARS System 
does not use an external temperature probe, rather an internal temperature 
system. Additionally the MARS uses a slightly different screen configuration. 


10.1.8.5 On the front panel of the microwave, select “8270 Soil” from the User Directory.  
Select the appropriate extraction method:  “3546 Express” 


  The following parameters are loaded with 3546 Express method: 


� Stage 1:  1600W @ 100% Power.   


� Ramp to 75°C for 10 minutes and hold for 10 minutes.   


� This stage is followed by a 5 minute Cool Down step. 


10.1.9 Once samples have cooled to room temperature, filter through a sodium sulfate funnel 
and into a labeled KD Flask with concentrator tube (See Section 10.2.1).   See WI 10995, 
Solvent rinsing/filtering guide.  Alternatively, the sample may be filtered directly into a 
Bucchi vessels for DRO and ETPH samples (See Section 10.2.2 and 10.2.3 
respectively).  Note- When opening the cap on the Teflon reaction vessel, point away 
from your body and perform this task in a fume hood. 


10.1.9.1 ETPH Analysis: Filter the sample extract through a 20gram sodium sulfate funnel 
containing glasswool into a 250mL Erlenmeyer flask. Add 3 grams of Deactivated 
Silica Gel and a stir bar to the extract.  Place the sample on a stirring plate and 
stir for 5 minutes @ 650rpm.  Filter the extract through a 20 gram sodium sulfate 
funnel containing a filter paper and collect into a Bucchi vessel for concentration, 
see Section 10.2.3.    


10.1.9.2  Proceed to sample concentration.  Note all DRO and ETPH products are 
concentrated using the Bucchi Concentration System. 


10.2 Sample Concentration Techniques 


10.2.1 KD Technique 


10.2.1.1 Attach a three-ball Snyder column to the top of the flask.  Place the KD 
apparatus on a hot water bath(SEVAP), (heated to approximately 75


o
C for 


samples extracted in Methylene Chloride and 95
o
C for samples extracted in 


Hexane) so that the concentrator tube is partially immersed in the hot water, and 
so that the entire lower rounded surface of the flask is bathed in hot water vapor.  
Attach the chilled water condenser to the top of the Synder Column.  Adjust the 
position of the apparatus as required to complete the concentration in 30 to 40 
minutes.  At the proper rate of distillation, the balls in the column will actively 
chatter, but the chambers will not flood with solvent.  Periodically rinse the 
internal walls of the concentrator tubes with DCM. 


10.2.1.2 If a Hexane exchange is required (see Table 1), when the sample volume 
reaches 5 to 10mL, remove the condenser from the Synder Column and add 30 
to 35mL of hexane using a graduated cylinder.  Add the hexane to the top of the 
Snyder Column.  Remove the KD concentration setup and move to the 95C bath.  
Re-attach the condenser and continue with the concentration until the extract 
volume is reduced to below 10mL.  Rinse the internal walls of the Synder column 
at least once with 5-10mLs of Hexane.   


10.2.1.3 Remove the KD apparatus from the water bath and remove the plastic Kek clip. 
Rinse the flask and its lower ground glass joint with 1 to 2 mL of acetone to 
remove any moisture from the outside of the glassware. Allow to cool for 
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15minutes.  Disassemble the KD apparatus.  Move the label from the K-D Flask 
to the concentrator tube (See WI 2421).   


10.2.1.4 Place the Concentrator tube on the N-EVAP. Using a disposable pipet, direct the 
nitrogen over the sample.  The N-EVAP is set at 37°C for samples extracted in 
Methylene Chloride and 65 °C for samples extracted in Hexane with the nitrogen 
flow at 5 - 7.  Samples remain on N-EVAP until they are reduced to 1mL. 
Pesticide Extracts: reduce sample to 10ml. 


10.2.1.5 The extract is now ready for sample cleanup or vialing (See Table 1). Refer to 
the relevant Clean-up SOP or proceed with extract vialing (See WI 3827 Extract 
Vialing Procedure, WI 2426 GC Extract Vialing Procedure and WI 2423 GC/MS 
Extract Vialing Procedure). 


10.2.2 Alternative Concentration Technique: Bucchi 


The Bucchi is a self-contained sample concentration and solvent recovery system that 
utilizes vacuum, heat and oscillation to concentrate samples.  The Bucchi will recover 
>95% of solvent emissions. 


10.2.2.1 Setup: All DRO and ETPH products require Bucchi concentration.  The samples 
are filtered into the Bucchi concentration vessels.  The samples are equalized 
with the extraction solvent.  Soil samples will be adjusted to 120mL, while liquid 
samples will have a 180mL volume.  This will allow for even concentration. 


10.2.2.2 Empty or drain the solvent collection flask into the appropriate hazardous waste 
container. 


10.2.2.3 Turn “on” the Base Unit, Chiller (set at 10C), Pump, Block and Controller.  Push 
the “start” button on the block once and turn “off” the oscillation.  This will begin 
cooling the condenser.  Pre-heat the block to 65C as noted on the panel readout. 


10.2.2.4 On the Controller, press program #1(Gradient and DCM program should be 
selected).  This program will show the following, DCM 50min., 600MBAR for 1 
minute, 540MBAR for 17min., and 460MBAR for 32 min.  Total run time will be 
50 minutes. 


10.2.2.5 Add 5mL of water into each block cell position.  Place the labeled samples (glass 
vessel) into the block.  Note, all positions on the block must have a vessel in 
order to form a vacuum.  Use empty vessels if necessary to fill the 12-position 
block. 


10.2.2.6 Place the block lid on top of the sample extracts and aligning the set screws to 
the holes in the lid.  Tighten the two knobs on to the block, hand tight.  Tighten 
the knobs evenly or the lid will not form a vacuum. 


10.2.2.7 Push “Start” on the controller.  The controller should immediately drop and read 
600MBAR.  If the vacuum does not drop, there is a leak with the vessels.  
Reposition and retry. 


10.2.2.8 Check the sample solvent level in 40min., by shutting off the controller and 
removing the lid.  Remove samples that have a final volume 1.0mL.  Place an 
empty vessel in its place and re-start the program for 10mins.  If necessary, 
restart the program and check the solvent volume every 10minutes.  Note, by 
looking at the solvent condensing rate on the condenser, you can gauge the 
solvent remaining in the vessel. 


10.2.2.9 Once all samples have been concentrated to 1.0mL, the extract is ready to be 
vialed.  Refer to the relevant Clean-up SOP or proceed with extract vialing (See 
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WI 3827 Extract Vialing Procedure, WI 2426 GC Extract Vialing Procedure and 
WI 2423 GC/MS Extract Vialing Procedure).   


10.3 Preventive Maintenance 


10.3.1  Microwave System (MARS and Milestone): 


10.3.1.1 The instrument must be kept clean.  Wipe the inside of microwave with soap and 
water and dry with a cloth as needed. 


10.3.1.2 All microwave cells, caps and plugs are to be dish washed and rinsed with 
solvent prior to use, with one exception: Milestone caps are to be rinsed with 
solvent only, and not placed in the dishwasher.  Additionally, the sleeves must be 
handled with care.  If the edge of the sleeve is dented or chipped it will not hold 
pressure. 


10.3.2 Analytical Balance 


10.3.2.1 All balances are calibrated and serviced every six months by an instrument 
service company.  All service records are kept on file. 


10.3.2.2 Keep balances clean.  Brush of any sample spills immediately.  Keep the balance 
doors closed and the balance turned off when not in use. 


. 


11. Data Evaluation, Calculations and Reporting 


None. 
 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


12.1 All Holding time exceedences, improper preservation and Extraction Anomalies are to be 
reported to a Supervisor or Manager.  Non Conformance Reports may need to be issued 
through the Qualtrax System. 


12.2 If the KD Concentrator tube is allowed to run dry, the sample must be re-extracted. 


12.3 Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the instrument logbook. 


12.4 Refer to determinative method SOPs for additional Corrective Action information. 


 


 


 


 


 


 


 







Alpha Analytical, Inc.  ID No.:1959   
Facility: Westborough                                          Revision 8 
Department: Organic Extractions  Published Date:9/2/2014 12:54:47 PM  
Title:  Microwave Extraction EPA 3546  Page 14 of 16  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 02-12  


13. Method Performance 


13.1  Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the DL, LOD, and/or LOQ as outlined in 
Alpha SOP/1732.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/1739 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/1732 DL/LOD/LOQ Generation 


SOP/1739 DOC Generation 


SOP/1728 Waste Management and Disposal SOP 


SOP/1953 Organic Extraction Glassware Cleaning and Handling 


Form 02-50 Sample Cleanup and Vialing Guide 


WI/2421 Labeling and Generating Work Groups and Batches 


WI/2517 LIMS Electronic Laboratory Notebook Procedure 


WI/2423 GC Mass Spec Extract Vialing Procedure 


WI/2426 GC Extract Vialing Procedure 


WI/3827 Extract Vialing Procedure 


WI/10995 Solvent Rinsing/Filtering 


Form 02-58 Sample Extraction Guide 


16. Attachments 


Table 1 – Specific Extraction Conditions for Various Determinative Methods 


 Table 2 – Soil Extraction Guide 
 
 
 







Alpha Analytical, Inc.  ID No.:1959   
Facility: Westborough                                          Revision 8 
Department: Organic Extractions  Published Date:9/2/2014 12:54:47 PM  
Title:  Microwave Extraction EPA 3546  Page 15 of 16  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 02-12  


Table 1 


 
Specific Extraction Conditions for Various Determinative Methods 


 
       


        
   Extraction        Exchange   Typical               Appropriate 
LIMS Product    Solvent          Solvent   Final      Cleanup 
       Code            Required    Volume             Technique 


 
 


      
8082     1:1 Hexane/Acetone hexane    1 mL   Sulfuric acid/ 
           Sulfur 
 
8081     1:1 DCM/Acetone hexane  10 mL   Florisil 
 


 8270 SIM     1:1 DCM/Acetone ---    1mL           ---  
 


8270/8270SIMTECH DCM    ---     1 mL             --- 
  
 TPH *     DCM             ---             1 mL              --- 
 
        EPH     DCM          hexane    1 mL          Silica gel Fractionation 
 
       ETPH     DCM      ---    1 mL      Silica gel 
 


 
 


*TPH includes the following LIMS Products:  TPH-DRO and TPH-DRO-D  
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Table 2 


 
Soil Extraction Guide 


 
LIMS  


Product 
Code 


QC  * Solvent 
Surrogate 
Solution 


LCS/LCSD 
MS/MSD Solution 


8270/SIMTECH SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


MCP 8270 SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


PAH SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


MCP PAH SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


PAH-Low SB, LCS, LCSD DCM/ACE 1mL ABN 1mL MCP PAH-Low 


MCP PAH-Low SB, LCS, LCSD DCM/ACE 1mL ABN 1mL MCP PAH-Low 


NYTCL/ NJ 8081 SB, LCS, LCSD DCM/ACE 250 uL PEST 250 uL Pest 


All other 
PEST/8081 


SB, LCS, LCSD DCM/ACE 1mL PEST 1mL Pest 


PCB/8082  SB, LCS, LCSD HEX/ACE 250µL PEST 250µL PCB 


MCP PCB SB, LCS, LCSD HEX/ACE 250µL PEST 250µL PCB 


EPH SB, LCS, LCSD DCM 1mL EPH 1mL EPH 


EPH / PAH-L SB, LCS, LCSD DCM 1mL EPH 1mL EPH 


NJ EPH SB, LCS, LCSD DCM 1mL NJ EPH 1mL NJ EPH 


ETPH SB, LCS, MS, Dup DCM 1mL DRO 1mL ETPH 


TPH * SB, LCS, Dup DCM 1mL DRO 1mL ETPH 


ME4125 SB, LCS, MS, Dup DCM 1mL DRO 1mL ETPH 


 
For additional product QC, Solvent, Surrogate and Spike solutions, see Form “Sample Extraction 
Guide”. 


       
*  TPH includes the following LIMS Products:  TPH-DRO and TPH-DRO-D 
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Acid Digestion  


of Sediments, Sludges and Soils 
 


Reference Method:  EPA 3050B, SW-846, Test Methods for Evaluating Solid Waste:    Physical/Chemical 
Methods, EPA SW-846, Update III, 1996. 


 


1.  Scope and Application 


 
Matrices:   Sediments, sludge, soils. 


Definitions: See Alpha Laboratories Quality Manual Appendix A 
*  


This method provides two separate digestion procedures. Samples prepared by this method may be 
analyzed by ICP- AES or ICP-MS for all the listed metals, provided the detection limits are adequate 
for the analytical end use of the data. 


Alternative determinative techniques may be used if they are scientifically valid and the QC criteria of 
the method, including those dealing with interferences, can be achieved.  Other elements and 
matrices may be digested by this method if performance is demonstrated for the analytes of interest, 
in the matrices of interest, at the concentration levels of interest.  


The recommended determinative techniques for each element are listed below: 
 


ICP- AES 


Aluminum Antimony Barium 


Beryllium Cadmium Calcium 


Chromium Cobalt Copper 


Iron Lead Magnesium 


Manganese Molybdenum Nickel 


Potassium Silver Sodium 


Thallium Vanadium Zinc 


 


ICP-MS 


Arsenic Beryllium 


Cobalt Cadmium 


Chromium Iron 


Lead Molybdenum 


Selenium Thallium 


 
This method is not a total digestion technique for most samples.  It is a very strong acid digestion 
that will dissolve almost all elements that could become “environmentally available”.  By design, 
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elements bound in silicate structures are not normally dissolved by this procedure as they are not 
usually mobile in the environment.  If total digestion is required, Method 3052 is preferable. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one of the following laboratory personnel 
before performing the modification:  Area Supervisor, Metals Manager, Laboratory Services 
Manager, Laboratory Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of trained analysts. Each analyst must 
demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
QA Officer and/or Laboratory Director on a case-by-case basis. 


2.   Summary of Method 
A representative sample from 1.25g to 5g is digested in a solution of Aqua Regia (3:1 HCl:HNO3) 
and further additions nitric acid (HNO3 conc.) and heated in a heat source.   


Samples digested in the Hot Block: Nitric acid and Hydrochloric acid are added to the sample and 
reflux for 30 minutes. 5-10 mL of DI water is added to wash down the walls of the digestion vessel 
and 1 mL of concentrated Nitric acid is added. The samples are again heated in the heat source and 
allowed to reflux at 90-100°C for an additional 30 minutes.  


After digestion, the extract is brought to a final volume of 50mL and allowed to settle or filtered if 
necessary.  


 


2.1   Method Modifications from Reference 


Digestates are prepared in the same manner for both ICP-AES and ICP-MS determinative 
methods. 


Method section 7.5 Aqua Regia digestion with optional filtration performed when settling is 
not feasible based on sample composition (i.e.: high suspended solids, precipitates or 
floatables). 


3.   Reporting Limits 
 The Reporting Limit is determined by the amount of sample used for preparation.  Therefore, a 


review of Client requirements for Reporting Limits is necessary prior to sample preparation. Also 
refer to the analytical SOP. 


4.   Interferences 
None. 
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5.   Health and Safety 
Caution must be used when handling the following: 
 


• cHCL 


• cHNO3 


• Aqua Regia 
 
These chemicals are all corrosives and can cause harm to skin and eyes.  When using these 
corrosives, the analyst must wear a lab coat, gloves, and protective eye wear. 
 
The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material data handling sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan. 


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


6.   Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


 Samples are collected in glass or plastic jars 
 


6.2 Sample Preservation 


  None. 
 


6.3 Sample Shipping 
No special shipping requirements. 
 


6.4 Sample Handling 
Samples are refrigerated at 4 ± 2 °C upon receipt, and are digested within 90 days of 
collection. 
 


7.   Equipment and Supplies 
 


7.1 Polypropylene Digestion Vessel:  50mL volume, SCP Science 
 
7.2 Reflux Cap, SCP Science 


 
7.3 Weighing Tray 


 
7.4 Spatula, Stainless Steel 
 
7.5 Volumetric Flasks: 200mL volume, Class A 
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7.6 Whatman 40 or equivalent Filter Paper 
 


7.7 Hot Block, thermostatically controlled, calibrated. 
 


7.8 Balance: Capable of weighing to 0.001g. 
 
7.9 Polypropylene Bottles:  250mL volume 


8.   Reagents and Standards 
 


8.1 Hydrochloric Acid, concentrated (cHCl): 18M; store at room temperature. 


8.2 Nitric Acid, concentrated (cHNO3): 18M; store at room temperature. 


8.3 Aqua Regia:  Prepare a 3:1 solution of cHCl: cHNO3.  This solution is prepared fresh 
each day of use and discarded after use.   


8.4 50%  Hydrochloric Acid (HCl): 500mL cHCl diluted to 1 liter with DI water; store at 


room temperature. 


8.5 10%  Nitric Acid (HNO3): 100mL cHNO3 diluted to 1 liter with DI water; store at room 


temperature. 


8.6 Reagent Water:  Deionized water (DI) from Alpha’s water treatment system. 


8.7 1000ppm and 10,000ppm Single Element Stock Standards:  All stock 
standards are commercially prepared and certified. All standards are in acidic aqueous 
solutions. Standards are stored at room temperature, and the vendors’ expiration date is 
used. 


8.8 10ppm Single Element Intermediate Standards: Intermediate standards are 


made from dilution 1:10 commercially prepared and certified stock standards (Section 8.9).  
All standards are in acidic aqueous solutions.  Standards are stored at room temperature 
and the vendor’s expiration date is used. 


8.9 Multi-element Stock Standards: All stock standards are commercially prepared 


and certified. All standards are in acidic aqueous solution. Standards are stored at room 
temperature, and the vendors’ expiration date is used. 


8.9.1  IPS Stock Standard:  


CLP ICP Standard #1:  Al, Ba at 2000 µg/mL; Fe at 1000 µg/mL; Co, Mn, Ni, V, Zn 
at 500 µg/mL; Cu at 250 µg/mL; Cr at 200 µg/mL; Be and Ag at 50 µg/mL.  


FPS Stock Standard:  


CLP ICP Standard #3:  As, Se, Tl at 2000 µg/mL; Pb at 500 µg/mL; Cd at 50 
µg/mL.  


Ag Spike Standard: 100 ug/mL prepared standard.  
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8.10 Working Standards: The working standards are prepared from the stock standards in 


10% nitric acid and then brought to a 500mL final volume.  


8.10.1 IPS Working Standard: To a 500mL Class A volumetric flask, add 250mL of DI water 
the add 25mL of cHNO3 (Section 8.2), cap and mix by inverting. Add 50mL of CLP ICP 
Standard #1 stock (Section 8.11.1), 25mL of 1000ppm Sb Standard (Section 8.9), 
2.5mL of 1000ppm Cd Standard (Section 8.9) and dilute to a final volume of 500mL with 
DI water.  


The resulting concentration of this solution is: 200 mg/L of Al and Ba; 100 mg/L of Fe; 
50 mg/L of Co, Mn, Ni, V and Zn; 25 mg/L of Cu; 20 mg/L of Cr; 5 mg/L of Be and Ag ; 
50 mg/L of Sb; and 5 mg/L of Cd; 10% cHNO3. 


8.10.2 FPS Working Standard: To a 500mL Class A volumetric flask, add 250mL of DI water 
the add 25mL of cHNO3 (Section 8.2), cap and mix by inverting. Add 3mL of CLP ICP 
Standard #3 stock (Section 8.11.2), 25mL of 1000ppm Pb Standard (Section 8.9) and 
dilute to a final volume of 500mL with DI water.  


The resulting concentration of this solution is: 12 mg/L of As, Se and Tl; 53 mg/L of Pb; 
and 0.3 mg/L of Cd; 10% cHNO3. 


8.10.3 MIX Working Standard: To a 500mL Class A volumetric flask, add 50mL of DI water 
the add 25mL of cHNO3 (Section 8.2), cap and mix by inverting. Add 50mL each 
1000ppm of the following from Section 8.9: ICP Boron Standard, ICP Mo Standard, ICP 
Sr Standard, ICP Ti Standard. Add 50mL each 10,000ppm of: ICP Ca Standard, ICP 
Mg Standard, ICP K Standard, ICP Na Standard and dilute to a final volume of 500mL 
with DI water.  


The resulting concentration of this solution is: 100 mg/L of B, Mo, Sr and Ti; 1000 mg/L 
of Ca, Mg, K, and Na. 


8.10.4 Silver Spike Standard: To a 100mL Class A volumetric flask, add 50mL of DI water 
the add 5mL of cHNO3 (Section 8.2), cap and mix by inverting. Add 10 mL of 1000 
ug/mL Ag standard and dilute to the final 100 mL volume mark. Transfer to an amber 
glass 200 mL bottle. 


The resulting concentration of this solution is: 100 mg/L of Ag. 


9.   Quality Control  
The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results of 
analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


PBS,  Prep blank for soil:  Digest one PBS per batch of 20 samples or less. The Method Blank 
is carried through the complete preparation procedure and contains the same volume of 
reagents as the sample solutions.  The Method Blank is used to assess contamination from the 
laboratory environment. 
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9.2 Laboratory Control Sample (LCS) 


LCSS, Laboratory Control Sample for soil: Digest one LCSS per batch of 20 samples or less. 
 
For samples that are prepared in the 50mL Polypropylene digestion vessel and utilize between 
0.3 and 0.4 grams of Standard Reference Material (SRM); Environmental Resource Associates, 
SRM16-MET, lot number 1518-10-02 


 


9.3 Initial Calibration Verification (ICV) 


Not applicable. 


9.4 Continuing Calibration Verification (CCV) 


Not applicable. 


9.5 Matrix Spike 


Digest one MS per batch of 20 samples or less for MET-T products or upon client request. 
 
For samples that are prepared in the 50mL Polypropylene digestion vessel and utilize between 
0.3 and 0.4 grams of sample: To a second aliquot of the sample chosen for the MS, add 1.0mL 
of IPS (Section 8.9.2), FPS (Section 8.9.3), and MIX (Section 8.9.4) working stock standards 
and 0.25 mL of 100ppm Ag standard (Section 8.9.5).  If the desired metal is not included in the 
spiking solution, then also add 50µL of 1000ppm desired metal stock standard (Section 8.9). 


9.6 Laboratory Duplicate 


 One duplicate sample is digested per matrix batch of 20 or less for MET-T products or upon 
client request. 


9.7 Method-specific Quality Control Samples 


None. 


9.8 Method Sequence  


• Mix the sample thoroughly to obtain a homogeneous and representative aliquot. 


• Weigh the appropriate amount of sample, and QC samples. 


•  Add 1 mL cHNO3 and 3 mL cHCl to the each sample vial.   


• Cover flasks with a reflux cap and heat in the digestion block at 90-100 °C for 30 minutes. 


• Raise and rotate each sample vessel to the elevated position in the sample rack and allow 
to cool slightly. 


• Using 5-10 mL DI water, rinse down the inner walls of the sample vessel. 


• Add 1 mL of cHNO3 to each vessel. 


• Rotate and lower each sample vessel to the heating position and heat at 90-100 °C for 30 
minutes.   


• Remove from samples from the digestion block. Bring samples to a 50 mL final volume with 
DI water and let settle or filter if necessary. 
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10.  Procedure 


10.1 Equipment Set-up 


10.1.1 Turn on the heat source (Section 7.7) to a temperature of 95 ºC ± 3 ºC. 


10.1.2 Set up the laboratory notebook with the following information: 


• Date, Chemist’s initials 


• Job number, Metals analysis requested 


• Sample weight 


• Type of acid used and its Lot#, Final Volume 


• Color of sample, texture of sample 


• MS / LCSS used 


• Time ON and OFF the heat source 


 


10.2 Initial Calibration 


 Not applicable. 


10.3 Equipment Operation and Sample Processing 


10.3.1 Homogenization: 


Homogenize the entire contents of the sample container to a consistent appearance to 
achieve a representative sample. 


 


10.3.2 Duplicate:  A second aliquot of the sample chosen to be duplicated. 


 
 10.3.3 Preparation Blank Solid (or Method Blank), (PBS):  


The Method Blank is carried through the complete preparation procedure and contains 
the same volume of reagents as the sample solutions.  The Method Blank is used to 
assess contamination from the laboratory environment. 


 
10.3.4. Laboratory Control Sample Solid, (LCSS): 
 


10.3.4.1: In the 50mL Polypropylene digestion vessel and utilize between 0.3 and 0.4 
grams of SRM:  Carry through entire process as a sample. 


 
10.3.5   Matrix Spike, (MS):   
 


10.3.5.1: To an aliquot of the sample designated for the MS, add 1.0mL each of IPS 
(Section 8.9.2), FPS (Section 8.9.3), and MIX (Section 8.9.4) working stock standards 
and 0.25 mL of 100ppm Ag standard (Section 8.9).  If the desired metal is not included in 
the spiking solution, then also add 50µL of 1000ppm desired metal stock standard 
(Section 8.9). 
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10.3.6 Digestion Procedure: 
  


Under a laboratory hood, slowly add 1 mL cHNO3 (Section 8.2) followed immediately by 
the addition of 3 mL cHCl (Section 8.1) to each sample in the digestion vessel. Cover 
each vessel with a Reflux Cap. 


NOTE:  The acid combination used creates Aqua Regia, a powerful oxidizer which is a 
strong irritant; do not remove samples containing this concentrated form from the 
laboratory hood.   


Heat the samples in the digestion vessel in the digestion block at 95 +/-3ºC, and reflux 
for 30 minutes without boiling. Allow the samples to cool slightly by elevating the vessels 
in the rack-locks, add 1mL of cHNO3, and reflux for another 30 minutes.   


Ensure the sample is covered by the acid at all times during heating. Record in the 
laboratory notebook the time samples are placed in the digestion block and the time 
samples are taken out of the digestion block. Instrumental analysts are to allow the 
sample to settle before decanting a sample aliquot.  


 
10.3.6.1   Filtration Procedure: 


If the sample has high suspended solids, precipitates upon cooling or floatables 
the sample filtration is performed as follows: 


• Filter the digestate through Whatman No. 41 filter paper (or equivalent) and 
collect filtrate in a 50-mL digestion tube. Wash the filter paper with no more 
than 5 mL of hot (~95 ºC) HCl, then with 20 mL of hot (~95 ºC) reagent water. 
Pre-heat the acid and reagent water in digestion tubes on the digestion 
heating block. Collect washings in the same 50-mL digestion vessel. 


• Remove the filter and residue from the funnel, and place them back in the 
original digestion tube. Add 5 mL of conc. HCl, place the vessel back on the 
heating source, and heat at 95 ºC ± 3 ºC until the filter paper dissolves. 
Remove the vessel from the heating source and wash the cover and sides 
with reagent water. Filter the residue and collect the filtrate and combine with 
the first filtrate in the 50-mL digestion vessel. Allow filtrate to cool. 


•  Bring to a final volume of 50mL with DI water, cap and mix by inverting a 
minimum of 3 times. Deliver to Instrument room with all appropriate batch 
paperwork. 


 
NOTE: High concentrations of metal salts with temperature-sensitive solubilities 
can result in the formation of precipitates upon cooling of primary and/or 
secondary filtrates. If precipitation occurs in the flask upon cooling, do not dilute to 
volume but add up to 10 mL of concentrated HCl to dissolve the precipitate. After 
precipitate is dissolved, dilute to volume with reagent water.  


  


10.4 Continuing Calibration 
 Not applicable. 
 


10.5 Preventive Maintenance 
 The Hot Block temperature is calibrated on a quarterly basis by an instrument service company.  


Certificates are kept on file. 
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11. Data Evaluation, Calculations and Reporting 


 Refer to analytical SOPs. 
 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 
Holding time exceedances and improper preservation are noted on the batch sheet by the prep 
analyst and conveyed to the department supervisor or manager to include on nonconformance 
report. 


Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the appropriate maintenance logbook. 


Review of standards, blanks and standard response for acceptable performance occurs for each 
batch of samples; record any trends or unusual performance on a nonconformance action form. 


If any QC parameter falls outside the designated acceptance range, the laboratory performance 
for that parameter is judged to be out of control, and the problem must be immediately identified 
and corrected. Immediate corrective action includes reanalyzing all affected samples by using any 
retained sample before the expiration of the holding time. 


13. Method Performance 


13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP# 1732.  These studies performed by the laboratory are maintained on file for 
review. 


13.2 Demonstration of Capability Studies 


Refer to Alpha SOP# 1739 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method. 


 


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information. 
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15. Referenced Documents 


Chemical Hygiene Plan 


SOP #1732 MDL/LOD/LOQ Generation 


SOP# 1739 IDC/DOC Generation 


SOP# 1728 Waste Management and Disposal SOP 


 


16. Attachments 


None. 
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Mercury in Solid or Semisolid Waste 


(Manual Cold-Vapor Technique) 


Reference Method No.:  EPA 7471B  


   Reference:  SW-846, Test Methods for Evaluating Solid Waste:   
Physical/Chemical Methods, EPA SW-846, Update III, 
Feburary 2007. 


1. Scope and Application 


Matrices: Method 7471 is approved for measuring total mercury (organic and inorganic) in soils, 
sediments, bottom deposits, and sludge-type materials. All samples must be subjected to an 
appropriate dissolution step prior to analysis.  If this dissolution procedure is not sufficient to dissolve 
a specific matrix type or sample, then this method is not applicable for that matrix. 
 
Definitions: Refer to Alpha Analytical Quality Manual.  


*  
The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the Mercury Analyzer and in the interpretation of Mercury data. Each analyst must demonstrate 
the ability to generate acceptable results with this method by performing an initial demonstration of 
capability, analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
QA Officer and/or Laboratory Director on a case-by-case basis.  


2. Summary of Method 


Prior to analysis, the solid or semi-solid samples must be prepared according to the procedures 
discussed in this method. 


  
Method 7471, a cold-vapor atomic absorption method, is based on the absorption of radiation at the 
253.7-nm wavelength by mercury vapor.  The mercury is reduced to the elemental state and aerated 
from solution in a closed system.  The mercury vapor passes through a cell positioned in the light 
path of an atomic absorption spectrophotometer.  Absorbance (peak height) is measured as a 
function of mercury concentration. 


 


2.1 Method Modifications from Reference 


Alpha analyzes only one 0.6g aliquot of sample.  The original method does not address the 
automated instrument procedure.  A reduced volume of sample is digested in disposable 
digestion tubes on a hot block digestor. 
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3. Reporting Limits 


  
The reporting limit for this method is 0.08mg/Kg. 


4. Interferences 


Potassium permanganate is added to eliminate possible interference from sulfide.  Concentrations 
as high as 20 mg/Kg of sulfide, as sodium sulfide, do not interfere with the recovery of added 
inorganic mercury in reagent water. 
 
Copper has also been reported to interfere; however, copper concentrations as high as 10 mg/Kg 
had no effect on recovery of mercury from spiked samples. 
   
Samples high in chlorides require additional permanganate (as much as 25 mL) because, during the 
oxidation step, chlorides are converted to free chlorine, which also absorbs radiation of 253 nm.  
Care must therefore be taken to ensure that free chlorine is absent before the mercury is reduced 
and swept into the cell.  This may be accomplished by using an excess of hydroxylamine sulfate 
reagent (25 mL). 
   
Certain volatile organic materials that absorb at this wavelength may also cause interference.  A 
preliminary run without reagents should determine if this type of interference is present. 


 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan. 


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


Because mercury vapor is toxic, precaution must be taken to avoid its inhalation. 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Samples may be collected in plastic or glass containers. 


6.2 Sample Preservation 


None. 
 


6.3 Sample Shipping 


No special shipping requirements. 
 


6.4 Sample Handling 


Samples are stored under refrigeration at 4°C and analyzed as soon as possible after 
collection.  The samples have a 28-day holding time from the time of collection. 
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7. Equipment and Supplies 


7.1 Perkin Elmer FIMS 100 Atomic absorption spectrophotometer:  Use 


instrument settings recommended by the manufacturer.  The PE FIMS is designed specifically 
for the measurement of mercury using the cold-vapor technique.  


7.1.1 The FIMS has a PC that serves as a data station, collects and compiles the data, and the 
PC also contains the required software and hardware to operate the FIMS. 


7.1.2 The FIMS employs a quartz tube; it has an i.d. of 4mm, and an optical path length of 
260mm.  It has removable quartz windows on both ends of the tube.  The cell is pre-
aligned, so there is no need to align the cell for maximum throughput of energy. 


7.1.3 The FIMS uses peristaltic pumps to transport the various reagents and sample through 
the system.  The speed of the pumps is under software control:  20 – 120rpm or off. 


7.1.3.1 Each pump accepts up to four magazines, which hold the pump tubing in place.  
There are different size magazines for different pump tubing sizes.  Refer to the FIMS 
manual for replacement sizes.  The pump tubing is available in different diameters 
depending on the reagent used.  The different sizes have different colored collars.  
These can be ordered from Perkin Elmer. 


7.1.4 The FIMS employs a 5-port Flow Injection Valve.  The valve has two positions: fill and 
inject.  The valve uses a sample loop to switch between fill and inject.  The sample loops 
are made from PTFE.  Alpha utilizes a 500µL loop.  Sizes can range from 50 – 1000µL. 


7.1.5 Sample and reagent are mixed in the manifold.  The manifold has two purposes:  to 
either initiate the reaction or to dilute one of the two mixing streams.  The manifold blocks 
have three channels that are interconnected.  The inlets of the channels have a ¼ -inch 
28UNF internal screw thread.  The blocks are made from inert, translucent plastic. 


7.1.6 The gas/liquid separator is used in the mercury cold-vapor technique to separate the gas 
and liquid in the mixture as it leaves the manifold.  It is connected to the manifold block 
by way of connector pegs. 


7.1.7 An inert carrier gas is required for mercury determinations with FIMS.  The FIMS is hard 
plumbed to accept Argon.  The Argon is plumbed into the rear of the spectrometer, at the 
GAS IN connection.  The gas outlet, flow regulator and flow gauge are on the front panel 
of the FIMS.  Usable flows are between 40mL/minute and 250mL/minute at a 
recommended gas inlet pressure between 320kPa and 400kPa.  The gas flow is off when 
the control knob is turned fully clockwise. 


7.1.8 The radiation source is a low-pressure mercury lamp that is specific for the FIMS.  This 
may be purchased from Perkin Elmer.  The detector is a photocell with maximum 
sensitivity at 254nm. 


7.1.9 Waste is pumped directly into a waste bottle.  When the waste is full, it is emptied into the 
Metals/Wet Chem waste drum in the transfer room.   


    
 


7.2 Hot Block Digestor: Environmental Express, 54 position, capable of maintaining a 


temperature of 95°C +/-3°C. 
 


7.3 Graduated cylinder. Rinse once with 50% Nitric Acid, then rinse with reagent water prior 


to use. 
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7.4 Volumetric Flasks, Class A, various volumes.  Rinse once with 50% Nitric Acid, 


then rinse with reagent water prior to use. 
 


7.5 Polypropylene Digestion Vessels:  50 mL volume, with plastic screw caps 


 


7.6 Pump Tubing:  Environmental Express, three stop (yellow/blue, red/red and black/white). 
 


7.7 PTFE membranes:  Pall TF1000 disks 
 


7.8 Dilution vials:  20mL capacity, used when making analytical dilutions. 
 


7.9  Laboratory Wipes 
 


7.10 Compressed Air 
 


7.11 Whatman 41 or equivalent filter paper 
 


8. Reagents and Standards 


8.1 Reagent Water:  Reagent water is DI water shown to be interference free.  All references 


to water in this method refer to reagent water unless otherwise specified. 


8.2 Aqua regia:  Prepare immediately before use by carefully adding three volumes of 


concentrated HCl to one volume of concentrated HNO3. 


8.3 Concentrated Nitric Acid, (HNO3): Trace grade.  Store at room temperature in the 


appropriately marked acid cabinet. 


8.4 Concentrated Hydrochloric Acid, (HCl):  Trace grade. Store at room temperature in 


the appropriately marked acid cabinet. 


8.5 Reductant, Stannous Chloride in 3% HCl:  This is the reductant for the PE FIMS 


Instrument.  In a 1L volumetric flask, add 30mL concentrated trace grade HCl and 11g SnCl2 · 
2H20.  Mix to dissolve the solid and bring to volume with reagent water.  Store at room 
temperature, prepare daily as needed. 


8.6 Carrier, Hydrochloric Acid, 3%:   This is the carrier for the PE FIMS Instrument.  In a 


1L volumetric flask, add 30mL concentrated trace grade HCl (Section 8.4).  Bring to volume 
with reagent water. Store at room temperature, prepare daily as needed. 


8.7 Potassium permanganate, mercury-free,  5% solution (w/v):  Dissolve 5 g of 


potassium permanganate in 100 mL of reagent water. Store at room temperature.  Expires 
one month from date of preparation. 


8.8 Sodium chloride-hydroxylamine hydrochloride solution:  Dissolve 12 g of 


sodium chloride and 12 g of hydroxylamine hydrochloride in reagent water and dilute to 100 
mL.  Store at room temperature.  Expires one month from date of preparation. 


8.9 Mercury stock solution, 1000ppm:  This solution is purchased commercially 


prepared with a certificate of analysis.  Three solutions are purchased, each from a different 
source. Store at room temperature.  Expires according to manufacturer’s specifications. 
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8.9.1 10ppm Mercury Stock Standard:  To a 100mL volumetric flask, add 5mL of 
concentrated HNO3 and 1.0mL of 1000ppm Mercury Stock Solution (Section 8.9).  
Bring to volume with reagent water.  Store at room temperature.  Expires one month 
from date of preparation. 


8.9.1.1 0.1ppm Mercury Working Stock / Matrix Spike Solution:  To a 500mL 
volumetric flask, add 5mL of concentrated HNO3 and 5 mL of 10ppm Mercury 
Stock Standard (Section 8.9.1).  Bring to volume with reagent water.  Store at 
room temperature.  Expires one week from date of preparation. 


8.9.2 10ppm Mercury ICV Stock Standard:  To a 100mL volumetric flask, add 5mL of 
concentrated HNO3 and 1.0mL of Mercury Stock Solution (Section 8.9, from an 
alternate source than that used in Section 8.9.1). Bring to volume with reagent water. 
Store at room temperature.  Expires one month from date of preparation. 


8.9.2.1 0.3ppm Mercury ICV Working Stock:  To a 100mL volumetric flask, add 5mL of 
concentrated HNO3 and 3.0mL of 10ppm Hg ICV Stock Standard (Section 8.9.2).  
Bring to volume with reagent water.  Store at room temperature.  Expires one 
week from date of preparation. 


8.9.3 10ppm Mercury LCS Stock Standard:  To a 100mL volumetric flask, add 5mL of 
concentrated HNO3 and 1.0mL of 1000ppm Mercury Stock Solution (Section 8.9, from 
an alternate source than that used in Sections 8.9.1 and 8.9.2).  Bring to volume with 
reagent water. Store at room temperature.  Expires one month from date of 
preparation. 


8.9.3.1 0.1ppm Mercury LCS Working Stock:  To a 100mL volumetric flask, add 5mL of 
concentrated HNO3 and 1.0mL of 10ppm Mercury LCS Stock Standard (Section 
8.9.3).  Bring to volume with reagent water.  Store at room temperature.  Expires 
one week from date of preparation. 


8.10    SRM:  Purchased from a commercial source. 


 


9. Quality Control and Data Assessment 
The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


The Method Blank consists of the 0ppm standard as prepared in Section 10.1.2.1.1.  Analyze 
one Method Blank per analytical batch of twenty samples or less.  The Method Blank must be 
less than the Reporting Limit (RL). See Section 12.1 for corrective action.  


 
9.1.1 PBS  


A preparation blank is analyzed once per batch of twenty samples or less.  It is prepared 
in the same manner as the 0ppm standard (Section 10.1.2.1.1).  The PBS must be 
recovered within ± 0.2 µg/L. 


 
9.1.2 ICB 


The ICB is analyzed after the ICV, and is prepared in the same manner as the 0ppm 
standard (Section 10.1.2.1.1).  The ICB must be recovered within ± 0.2 µg/L. 


 
 
 







Alpha Analytical, Inc.  ID No.:2146   
Facility: Westborough                                      Revision 6 
Department: Metals Analysis  Published Date:11/26/2013 1:03:58 PM  
Title:  Mercury in Solid or Semisolid Waste (Manual Cold-Vapor Technique)  EPA 7471 Page 6 of 16  
 


  


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 06-03 


9.1.3 CCB 
The CCB is analyzed after the CCV.  It is prepared in the same manner as the 0ppm 
standard (Section 10.1.2.1.1).  The CCB must be recovered within ± 0.2 µg/L.  


 


9.2 Laboratory Control Sample (LCS)  


The LCS is analyzed once per each analytical batch of twenty samples or less.  It is prepared 
in the same manner as in Section 10.1.2.3.  The LCS must be recovered within 80 – 120% of 
the true value. See Section 12.3 for corrective action. 


9.3 Initial Calibration Verification (ICV) 


The ICV is analyzed after the calibration curve.  It is prepared in the manner specified in 
Section 10.1.2.2.  The ICV must be recovered within ± 10% of the true value.  See Section 
12.2 for corrective action. 


9.4 Continuing Calibration Verification (CCV) 


 The CCV is analyzed after every ten analytical samples.  It is prepared in the same manner 
as the 5.0ppb calibration standard (Section 10.1.2.1.5).  The CCV must be recovered within 
20% of the true value. See Section 12.2 for corrective action. 


9.5 Matrix Spike 


Analyze one matrix spike per twenty or less analytical samples. The recovery of the matrix 
spike must be between 80 – 120%.  Calculate percent recovery using Section 11.2. 


If the recovery of the matrix spike is out of range, a post-analytical spike is analyzed.  
Prepare the post analytical spike by adding 5mL of 0.010ppm Calibration Standard (Section 
10.1.2.1.6) and 5mL of the sample digestate to a 50mL centrifuge tube for a final 
concentration of 0.005mg/L. Analyze the post spike as outlined in Section 10.3.  


Calculate the post spike concentration as follows: 


Post Analytical Spike Sample Concentration (mg/L) =  


[ Sample Concentration (mg/L) x (0.5) ]  +    0.005mg/L 


The percent recovery of the post-analytical spike must be between 75 – 125%.   
 
See Section 12.4 for corrective action. 


9.6 Laboratory Duplicate 


Analyze one sample in duplicate per twenty or less analytical samples. The RPD between the 
sample and its duplicate must be < 20% (as calculated in Section 11.3).  See Section 12.5 for 
corrective action. 


9.7 Method-specific Quality Control Samples 


None. 


9.8 Method Sequence 


• Sample preparation 


• Sample digestion 


• Standards preparation: 


o Calibration standards 


o ICV standard 


o LCS standard 
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• Standards digestion 


• Analysis of calibration standards 


• Generation of calibration curve 


• Analysis of samples and standards: 


o ICV 


o ICB 


o analytical samples 


o CCV 


o CCB 


o analytical samples 


o CCV 


o CCB 


o etc. 


10. Procedure 


10.1 Equipment Set-Up   


10.1.1   Sample preparation:  Weigh a 0.3-g portion of untreated and homogenized sample 
and place in the bottom of a polypropylene digestion vessel.  Record the weight in the 
laboratory notebook. NOTE:  When preparing the batch, include one sample duplicate 
aliquot to be prepared in the same manner.  


 
Add 2.5 mL of reagent water and 2.5 mL of aqua regia (Section 8.2).  Heat 2 min on a 
hot block at 95°C +/-3°C.  Cool; then add 15 mL reagent water, and 7.5 mL potassium 
permanganate solution (Section 8.7) to the digestion vessel.  Wait 15 minutes to be 
sure the potassium permanganate solution (Section 8.7) to the digestion vessel.  Wait 
15 minutes to be sure the potassium permanganate is not exhausted (purple color 
disappears), if it does add additional potassium permanganate to all samples and QC 
until stable.  Mix thoroughly and place in the hot block for 30 min at 95°C +/-3°C.  Cool 
and add 3 mL of sodium chloride-hydroxylamine hydrochloride (Section 8.8) to reduce 
the excess permanganate.  
 
CAUTION: Perform this addition under a hood, as Cl2 could be evolved.   
 
Bring up to a final volume of 50 mL with reagent water.  Continue as described under 
Section 10.3.1. 


 
10.1.2   Standard preparation:  Standard preparation is performed each time samples are 


digested.   
 


10.1.2.1 Calibration Standards 


10.1.2.1.1 0 ppb:  Add 10mL of reagent water to a polypropylene digestion vessel.  
This aliquot may be used for the CCB.  Another separate aliquot is 
prepared for use as the ICB and the diluent for any samples with 
concentration greater than 90% the highest calibration standard used to 
determine the linear range.  


10.1.2.1.2 0.5ppb: Add 10 mL of reagent water to a polypropylene digestion 
vessel.  Using a volumetric pipet, add 0.25 mL of 0.1ppm Mercury 
Working Stock (Section 8.9.1.1) to the digestion vesel.   
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10.1.2.1.3 1.0ppb:  Add 10 mL of reagent water to a polypropylene digestion 
vessel..  Using a volumetric pipet, add 0.5 mL of 0.1ppm Mercury 
Working Stock (Section 8.9.1.1) to the digestion vessel.   


10.1.2.1.4 2.0ppb: Add 10 mL of reagent water to a polypropylene digestion 
vessel..  Using a volumetric pipet, add 1.0mL of 0.1ppm Mercury 
Working Stock (Section 8.9.1.1) to the digestion vessel.   


10.1.2.1.5 5.0ppb/CCV: Add 10 mL of reagent water to a polypropylene digestion 
vessel..  Using a volumetric pipet, add 2.5 mL of 0.1ppm Mercury 
Working Stock (Section 8.9.1.1) to the digestion vessel.   


10.1.2.1.6 10ppb: Add 10 mL of reagent water to a polypropylene digestion 
vessel.Using a volumetric pipet, add 5.0 mL of 0.1ppm Mercury 
Working Stock (Section 8.9.1.1) to the digestion vessel.   


10.1.2.1.7 20ppb: Add 10 mL of reagent water to a polypropylene digestion 
vessel.Using a volumetric pipet, add 10.0 mL of 0.1ppm Mercury 
Working Stock (Section 8.9.1.1) to the digestion vessel.   


10.1.2.2 ICV Standard, 3.0ppb:  This standard is used for calibration verification. 


Add 10.0 mL of reagent water to a digestion vessel.  Using a volumetric pipet, 
add 0.5 mL of 0.3ppm Mercury Working Stock (Section 8.9.2.1) to the digestion 
vessel.  Digest the ICV Standard as in Section 10.1.3. 


10.1.2.3 LCS Standard, 1.0ppb:   This standard is prepared and analyzed with each 
analytical batch. 


Add 5.0mL of reagent water to a digestion vessel. Add 0.15g of SRM (Section 
8.10).  Digest the LCS Standard as in Section 10.1.3. 


10.1.2.4 Matrix Spike, 0.001mg/L:  Weigh two aliquots of the sample designated to be 
the batch matrix spike.   


Add 10.0 mL of the reagent water to the digestion vessel containing the 
weighed sample aliquot.  Add a 0.5 mL aliquot of 0.1ppm Mercury LCS Working 
Stock (Section 8.9.3.1).  Digest the MS as in Section 10.1.3. 


10.1.3 Standard Digestion: 


To each standard (Sections 10.1.2.1 through 10.1.2.3), add 2.5 mL of reagent water 
and 2.5 mL of aqua regia (Section 8.2) and heat 2 min on the hot block at 95°C +/-
3°C.  Allow the standard to cool; add 15 mL reagent water and 7.5 mL of KMnO4 
solution (Section 8.7) to each bottle and return to the hot block for 30 min.  Cool and 
add 3 mL of sodium chloride-hydroxylamine hydrochloride solution (Section 8.8) to 
reduce the excess permanganate.  Bring up to final volume of 50 mL with reagent 
water, continue as described in Section 10.3.3.  
 
Note: Alternate volumes of standards may be made base on need as long as they are 
made with the same proportions as describe above. 


10.2 Initial Calibration  


Construct a calibration curve by plotting the absorbances of prepared standards (Section 
10.1.2) versus micrograms of mercury.  (See Section 11.1.) Determine the peak height of the 
unknown from the absorbance maxima on the spectrometer, and read the mercury value from 
the standard curve.   


The curve correlation coefficient (cc) must be greater than or equal to 0.995 in order for the 
curve to be linear.  If the correlation coefficient is less than 0.995, find and correct the problem.  







Alpha Analytical, Inc.  ID No.:2146   
Facility: Westborough                                      Revision 6 
Department: Metals Analysis  Published Date:11/26/2013 1:03:58 PM  
Title:  Mercury in Solid or Semisolid Waste (Manual Cold-Vapor Technique)  EPA 7471 Page 9 of 16  
 


  


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 06-03 


When the problem has been corrected, re-analyze either the previous standards or new 
standards.  When the curve has generated an acceptable cc, then the analysis can continue 
with the ICV/ICB. 


Analyze an Initial Calibration Verification Standard (ICV) (Section 9.3), an Initial Calibration 
Blank sample (ICB) (Section 9.1.2) at the start of the analytical run.  The results for the ICV 
must be within 10% of the true value.  If results are outside this range, refer to Section 12.2 for 
corrective action. 


10.3 Equipment Operation and Sample Processing 


 
10.3.1 Instrument Setup 


 
10.3.1.1 Turn the instrument on by flipping the power switch on the face of the 


instrument.  The autosampler will initialize itself. 


10.3.1.2 Choose AA Winlab Analyst from the START menu.  The autosampler will 
initialize again. 


NOTE:  The instrument must be turned on before the application is started.  
Otherwise, an error message will result. 


10.3.1.3 Click the button next to “open a custom workspace”. 


10.3.1.4 Select “startup.fms” from the list and click OPEN.  This will open the “FIAS 
Control” and “Automated Analysis” windows. 


10.3.1.5 Click on the “Analyze” tab in the Automated Analysis window, then click on 
the “Select Location” button.  Click OK and the probe will go to the 
autosampler rinse. 


10.3.1.6 Fill the carrier and reductant bottles. 


10.3.1.6.1 The Carrier is  3% HCl (Section 8.6). 


10.3.1.6.2 The Reductant is 1.1% SnCl2 in 3% HCl (Section 8.5). 


10.3.1.7 Allow the instrument to warm up while clearing samples.  Samples that are 
cloudy or with particulate present after clearing must be filtered through 
Whatman 41 filter paper (Section 7.11) before analysis. 


10.3.1.8 Place carrier uptake line (blue/yellow tubing, Section 7.6) and reductant 
uptake line (red/red tubing, Section 7.6) into graduated cylinders containing 
reagent water. 


10.3.1.9 Load carrier and reductant lines into pump magazines above the roller so 
that the long ends come out on the right side.  The carrier line goes into the 
inner magazine, and the reductant line goes into the outer magazine. 


10.3.1.10 Load the two waste lines into the pump magazines below the roller. 


10.3.1.10.1 The blue/yellow line goes into the inner two-channel magazine so that 
the long end comes out on the left side. 


10.3.1.10.2 The black line goes into the outer magazine so that the long end comes 
out on the right side 


10.3.1.11 Lock both the top and bottom magazines into place. 


10.3.1.12 Unscrew the fitting from the sample absorption cell leading to the liquid vapor   
separator and place it into an empty dilution-vial (Section 7.8). 
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10.3.1.13 Click the “Pump1” button in the “FIAS Control” window to start the roller. 


10.3.1.14 Adjust the tension on the lower pump magazine using the thumbscrews until 
a steady (but not too fast) stream of bubbles comes out of the liquid vapor 
separator and through the black tubing. 


10.3.1.15 Adjust the tension on the upper pump magazines to obtain the following flow 
rates: 


10.3.1.15.1 Carrier = 9 – 11 mL/minute 


10.3.1.15.2 Reductant = 5 – 7 mL/minute 


10.3.1.16 When the flow rates are set, click on the  “Pump1” button to stop the roller. 


10.3.1.17 Place carrier uptake line in the carrier bottle and reductant line in the 
reductant bottle. 


10.3.1.18 Click the “Pump1” button to restart the roller. Allow to run for a couple of 
minutes to flush the reagent water from the lines.  Click on the “Fill/Inject” 
button several times to flush the sample loop. 


10.3.1.19 With the “Fill/Inject” button in the “Fill” position, (button not depressed), click 
the “Pump1” button to stop the roller.  


10.3.1.20 Remove the cap from the liquid/vapor separator and wipe dry with a Lab 
Wipe (Section 7.9).  Compressed air (Section 7.10) through the vapor 
transfer line to dry it out. 


10.3.1.21 Place a PTFE membrane (Section 7.7), rough side up, in the liquid/vapor 
separator; replace the cap and reattach the vapor transfer line to the sample 
absorption cell. 


10.3.1.22 Click on the “Pump1” button to start the roller. 


10.3.1.23 Adjust the gas flow by turning the black knob below the air flow meter to 
obtain a reading of just over 50. 


10.3.1.24 Click on the “Pump1” button to stop the roller. 


 


10.3.2 Creating a Sample Information File and Loading the Sample Tray 
 


10.3.2.1  Select “Method 0.5 – 10ppb B”.  Click the “SampInfo” button on the toolbar. 


10.3.2.2 In the description line, type “prep date MM/DD/YY”. 


10.3.2.3 In the analyst line, type the analyst’s initials. 


10.3.2.4 Drag the scroll bar so that the autosampler location 12 is showing. 


10.3.2.5 Double-click the “Sample Units” cell in line 11. 


10.3.2.6 Select “µg/L” from the list and enter the range of locations (12 up to 91) and 
click    OK. 


10.3.2.7 Starting with position 11, type in the sample ID 


10.3.2.8 When finished, choose “Save As” from the “File” menu, then choose the 
“Sample Information” file. 


10.3.2.9 Save the file as MMDDYYA 


10.3.2.10 Load the samples into the tray as follows: 
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 Calibration Blank 


 0.5ppb Standard 


 1.0ppb Standard 


 2.0ppb Standard 


 5.0ppb Standard 


 10.0ppb Standard 


 20.0ppb Standard 


 ICV 


 ICB 


 CCV 


 CCB 


 PBS  listed in the sample information file. 


 LCSS  listed in the sample information file. 


 Samples as listed in the sample information file. 


10.3.2.11 Click the “Load Tray” button. 


10.3.2.12 Replace the empty tray with the tray containing the standards and samples. 


10.3.2.13 Click the “Load Tray” button. 


10.3.2.14 Click the “Select Location” button and click OK to lower the probe into the 
autosampler rinse. 


 
10.3.3 Instrument Calibration 


 
10.3.3.1 Click the “Workspace” button in the toolbar.   


10.3.3.2 Select the file name and click OK.  Select “Method 0.5 – 20 ppb B”. 


10.3.3.3 Click on the Setup tab in the automated analysis window. 


10.3.3.4 Click the “Browse” button under “Sample Information File” 


10.3.3.4.1 Select the sample information file that you want to open and click OK. 


10.3.3.5 Click the “Browse” button under “Results Data Set Name”. 


10.3.3.5.1 Type in the data set name in the format MMDDYYA and click OK. 


10.3.3.6 Click the “X” under the “Use Entire Sample Info File” so that it disappears. 


10.3.3.7 Under the “Use Autosampler Locations Listed Below”, enter the order of 
samples to be run.  NOTE:  Do not include standards and QC checks. 


10.3.3.8 Click the “Analyze” tab. 


10.3.3.9 Click the “Calibrate’ button 


10.3.3.9.1 The instrument will run the calibration curve. 


10.3.3.9.2 Watch the calibration blank run; if the readings vary widely, stop the run 
by clicking the “Calibrate” button.  
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10.3.4 Initial Calibration Verification 
 


10.3.4.1 When the calibration is complete (6 – 7 minutes) and has a r
2
 of 0.995 or 


better, click the “Analyze Samples” button. 


10.3.4.1.1 The instrument will run the ICV and ICB. If the recoveries of these are 
within the proper ranges (Sections 9.3 and 9.1.2), the instrument will 
continue with analysis of samples as outlined in Section 10.3.5.   


 


10.3.5 Sample Analysis 


10.3.5.1 The instrument will now run ten analytical samples, a CCV and CCB, ten 
analytical samples, CCV, CCB, etc.  The CCBs and CCVs must be 
recovered within the proper ranges (Sections 9.4 and 9.1.3) for analysis to 
continue. 


10.3.5.2 If the sample result is beyond 90% of the concentration of the highest point 
on the calibration curve used to establish the linear range, dilute the sample 
extract with a portion of one of the prepared blanks (ICB, CCB or PBS) to 
produce an analytical result that is within the range.   


10.3.6 Instrument Shut Down 
 


10.3.6.1 When analysis is complete, click the “Workspace” button in the toolbar. 


10.3.6.2 Place reagent uptake lines in a beaker of reagent water. 


10.3.6.3 Click on the “Analyze” tab. 


10.3.6.4 Click on the “Pump1” button to start the roller 


10.3.6.4.1 Allow to run for several minutes to flush reagents out of the lines. 


10.3.6.4.2 Click on the “Fill/Inject” button several times to rinse the sample loop. 


10.3.6.5 Click the “Move Probe Up/Down” button to raise the probe out of the 
autosampler rinse. 


10.3.6.6 Pull the reagent uptake lines out of the reagent water beaker to allow the 
pump to draw air through the lines. 


10.3.6.7 Click “Fill/Inject” button several times to pull air through the sample loop. 


10.3.6.8 With the “Fill/Inject’ button in the “Fill” position, click “Pump1” button to stop 
roller. 


10.3.6.9 Unlock the top and bottom pump magazines and remove tubing from the 
magazines. 


10.3.6.10 Return the reagent uptake lines to the reagent water beaker. 


10.3.6.11 Click the “Move Probe Up/Down” button to lower the probe into the rinse 
beaker. 


10.3.6.12 Select “EXIT” from the File menu to exit the WinLab application. 


10.3.6.12.1 A “Shutting Down System” message will display. 


10.3.6.13 When the desktop appears, turn off the power switch on the instrument. 


10.3.6.13.1 Dump the samples and instrument waste in the Metals/WetChem waste 
drum located in the transfer room. 
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10.4 Continuing Calibration 


After every 10 samples, analyze a Continuing Calibration Verification Standard (CCV), and a 
Continuing Calibration Blank sample (CCB).  Determine the concentrations from the calibration 
curve.  The results for the CCV must be within 20% of the true value. 


10.5 Preventive Maintenance 


Preventative maintenance is conducted per the manufacturer’s instructions.  All preventative 
maintenance is recorded in the Instrument Maintenance Logbook. 


  


11. Data Evaluation, Calculations and Reporting 


11.1 Calculate Mercury Concentration From the Daily Calibration Curve 
  The curve is generated utilizing a straight-line equation defined as: 
 


A  = k1  +  k2C  
 
     Where:   
  


A = Average peak height of the sample/standard integrations  
C = Sample/Standard Concentration, µg/L 


  k1 =  y-intercept 
  k2 = slope 
 


The instrument will plot peak height against concentration (µg/L).  The result is generated 
in µg/L.  This value is divided by 1000 to convert the units to mg/L.  The mg/L units are 
converted to mg/Kg by multiplying by L/Kg.  A dilution factor (DF) is applied if necessary.  
The Result is then divided by the % Total Solids prior to release to the client.  
 


 
Result, mg/Kg   =   (concentration, µg/L)  x  ( 1mg/1000µg) x (DF) x (L/Kg) 


 
 


Where:   
  L/Kg  =       Final volume of digestate, in L  
                Weight of original sample, in Kg 
 


11.2 Calculate Percent Recovery for the Matrix Spike corrected for concentrations 


measured in the unfortified sample.  Percent recovery is calculated using the following 
equation: 


 
  % Recovery = (Cm – C)    x   100 
        s 
 
 Where:  
  Cm = measured Mercury in the fortified sample 
  C = measured native mercury sample concentration 
  S = concentration equivalent of spike added to sample 
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11.3 Calculate the Relative Percent Difference (RPD) for each Duplicate of the initial 


quantitated concentration (IC) and duplicate quantitated concentration (Dc) using the following 
formula: 


 
RPD =      | (IC – Dc) |       x       100 


                 {(IC + Dc) / 2} 
 
 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


12.1 Method Blank Failure 


When a prep blank mercury concentration is >10% of the mercury concentration determined 
for any associated sample,  or is greater than 2.2x the MDL value (whichever is greater), the 
entire batch associated with the prep blank must be redigested. 


12.2 ICV / CCV Failure 


If the ICV %Recovery is outside of acceptance criteria, analysis is terminated until the 
problem is found and corrected.  If the CCV %Recovery is outside of acceptance criteria, all 
samples analyzed since the last acceptable CCV must be reanalyzed following correction of 
the problem. 


12.3 LCS Failure 


If the LCS is not recovered within acceptance criteria, the associated batch and another LCS 
must be redigested (Section 10.1). 


12.4 Matrix Spike/Post Digestion Spike Failure 


If the recovery of the matrix spike is outside of the acceptance criteria of 80 – 120%, a post 
digestion spike is performed (Section 9.5). If the post digestion spike is beyond 75 – 125%, 
the sample and its spike are redigested (Section 10.1). 


12.5 Duplicate Failure 


If the RPD between the sample and its duplicate is greater than 20%, visually evaluate the 
sample matrix.  If the sample matrix appears clean, the sample and its duplicate are 
removed from the batch and redigested (Section 10.1).  If the matrix appears problematic, 
the sample digestate may be diluted and reanalyzed, or a narrative included with the data to 
explain the matrix problem. 
 
 


13. Method Performance 


13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


 The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for 
review. 
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13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method. 


14. Pollution Prevention and Waste Management 
Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information. 


 


15. Referenced Documents 


Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/14-01 Waste Management and Disposal SOP 
 


16. Attachments 


FIGURE 1:  Flow Chart for Method 7471B 
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Figure 1 
 


Method 7471B  Flow Chart 
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Mercury in Liquid Waste 


(Automated Cold-Vapor Technique) 


Reference Method No.:  EPA 7470A 


Reference:  SW-846, Test Methods for Evaluating Solid Waste:   
Physical/Chemical Methods, EPA SW-846,  Update II,  September 
1994. 


  


1. Scope and Application 


 
Matrices:     Method 7470 is a cold-vapor atomic absorption procedure approved for determining the 


concentration of mercury in mobility-procedure extracts, aqueous wastes, and ground 
waters.  (Method 7470 can also be used for analyzing certain solid and sludge-type 
wastes; however, Method 7471 is usually the method of choice for these waste types.)  
All samples must be subjected to an appropriate dissolution step prior to analysis. 


Definitions: See Alpha Laboratories Quality Manual Appendix A. 


   


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the Mercury Analyzer and in the interpretation of Mercury data. Each analyst must demonstrate 
the ability to generate acceptable results with this method by performing an initial demonstration of 
capability, analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis.  


 


2. Summary of Method 
Prior to analysis, the liquid samples must be prepared according to the procedure discussed in this 
method. 


   
Method 7470, a cold-vapor atomic absorption technique, is based on the absorption of radiation at 
253.7-nm by mercury vapor.  The mercury is reduced to the elemental state and aerated from 
solution in a closed system. The mercury vapor passes through a cell positioned in the light path of 
an atomic absorption spectrophotometer.  Absorbance (peak height) is measured as a function of 
mercury concentration. 
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2.1 Method Modifications from Reference 


2.1.1  A smaller sample sized is prepared, and therefore proportionately less reagent volumes    
are used.   


 2.1.2   The original method does not address the automated instrument procedure. 


 


3.  Reporting Limits 
 The typical reporting limit for Mercury is 0.0002mg/L.  This satisfies Massachusetts, GW1 and GW 2 


criteria.  Connecticut mobility criteria for SPLP is 0.0004mg/L, Rhode Island is 0.002mg/L, and the 
Drinking Water reporting limit is 0.0002mg/L. 


 


4. Interferences 
Potassium permanganate is added to eliminate possible interference from sulfide.  Concentrations as 
high as 20 mg/L of sulfide as sodium sulfide do not interfere with the recovery of added inorganic 
mercury from reagent water. 
   
Copper has also been reported to interfere; however, copper concentrations as high as 10 mg/L had 
no effect on recovery of mercury from spiked samples. 
   
Seawaters, brines, and industrial effluents high in chlorides require additional permanganate (as 
much as 25 mL) because, during the oxidation step, chlorides are converted to free chlorine, which 
also absorbs radiation of 253.7 nm.  Care must therefore be taken to ensure that free chlorine is 
absent before the mercury is reduced and swept into the cell.  This may be accomplished by using an 
excess of hydroxylamine sulfate reagent (25 mL).  Both inorganic and organic mercury spikes have 
been quantitatively recovered from seawater by using this technique. 
 


5. Health and Safety 
The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


Mercury compounds are highly toxic if swallowed, inhaled, or absorbed through the skin.  Analysis is 
conducted under a laboratory exhaust hood.  The analyst must wear chemical resistant gloves when 
handling concentrated mercury standards. 


The acidification of samples containing reactive materials may result in the release of toxic gases, 
such as cyanides or sulfides.  Therefore, the acidification of samples is to be conducted under a 
laboratory exhaust hood.  
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6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Samples are collected in either glass or plastic containers. 


6.2 Sample Preservation 


Samples are preserved with HNO3 to a pH of <2.  
 


6.3 Sample Shipping  


No special shipping requirements. 
 


6.4 Sample Handling 
Samples are stored under refrigeration at 4 ± 2°C and analyzed as soon as possible after 
collection.  The samples have a 28-day holding time from the time of collection.  


7. Equipment and Supplies  


7.1 Perkin Elmer FIMS 100 Atomic absorption spectrophotometer:  Use 


instrument settings recommended by the manufacturer.  The PE FIMS is designed specifically 
for the measurement of mercury using the cold-vapor technique.  


7.1.1 The FIMS has a PC that serves as a data station, collects and compiles the data, and the 
PC also contains the required software and hardware to operate the FIMS. 


7.1.2 The FIMS employs a Quartz tube; it has an i.d. of 4mm, and an optical path length of 
260mm.  It has removable quartz windows on both ends of the tube.  The cell is pre-
aligned, so there is no need to align the cell for maximum throughput of energy. 


7.1.3 The FIMS uses peristaltic pumps to transport the various reagents and sample through 
the system.  The speed of the pumps is under software control:  20 – 120rpm or off. 


7.1.3.1 Each pump accepts up to four magazines, which hold the pump tubing in place.  
There are different size magazines for different pump tubing sizes.  Refer to the FIMS 
manual for replacement sizes.  The pump tubing is available in different diameters 
depending on the reagent used.  The different sizes have different colored collars.   


7.1.4 The FIMS employs a 5-port Flow Injection Valve.  The valve has two positions: fill and 
inject.  The valve uses a sample loop to switch between fill and inject.  The sample loops 
are made from PTFE.  Alpha utilizes a 500µL loop.  Sizes can range from 50 – 1000µL. 


7.1.5 Sample and reagent are mixed in the manifold.  The manifold has two purposes:  to 
either initiate the reaction or to dilute one of the two mixing streams.  The manifold blocks 
have three channels that are interconnected.  The inlets of the channels have a ¼ -inch 
28UNF internal screw thread.  The blocks are made from inert, translucent plastic. 


7.1.6 The gas/liquid separator is used in the mercury cold-vapor technique to separate the gas 
and liquid in the mixture as it leaves the manifold.  It is connected to the manifold block 
by way of connector pegs. 


7.1.7 An inert carrier gas is required for mercury determinations with FIMS.  The FIMS is hard 
plumbed to accept Argon.  The Argon is plumbed into the rear of the spectrometer, at the 
GAS IN connection.  The gas outlet, flow regulator and flow gauge are on the front panel 
of the FIMS.  Usable flows are between 40mL/minute and 250mL/minute at a 
recommended gas inlet pressure between 320kPa and 400kPa.  The gas flow is off when 
the control knob is turned fully clockwise. 
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7.1.8 The radiation source is a low-pressure mercury lamp that is specific for the FIMS.  This 
may be purchased from Perkin Elmer.  The detector is a photocell with maximum 
sensitivity at 254nm. 


7.1.9 Waste is pumped directly into a waste bottle.  When the waste is full, it is emptied into the 
Metals/Wet Chem waste drum in the transfer room. 


7.2 Graduated cylinder:  Rinse once with 50% HNO3 and then rinse with reagent water 


prior to use. 


7.3 Volumetric Flasks, Class A, various volumes:  Rinse once with 50% HNO3 and 


then rinse with reagent water prior to use.  


7.4 Heating Block:  Environmental Express HotBlock, 48 position capacity, able to maintain 


95˚C +/-3. 


7.5 50 mL Digestion Tubes:  Polypropylene, graduated. 


7.6 50 mL Digestion Tube Rack: 48 position, racklock 


7.7 Pump tubing:  Environmental Express, three stop (yellow/blue, red/red, and black/white). 


7.8 PTFE membranes:  Whatman TE37 disks. 


7.9 Dilution vials:  20mL capacity, used to prepare analytical dilutions. 


7.10 Low Dust Laboratory Wipes  


7.11 Compressed Air 


7.12 Whatman 41 filter paper or equivalent 


   


8. Reagents and Standards 


8.1 Reagent Water:  Reagent water is DI water shown to be interference free.  All references 


to water in this method will refer to reagent water unless otherwise specified. 


8.2 Sulfuric acid (H2SO4), concentrated:  Reagent grade. Store at room temperature in 


an appropriately designated acid cabinet. 


8.3 Hydrochloric acid, concentrated:  Trace Metal grade.  Store at room temperature in 


an appropriately designated acid cabinet. 


8.4 Carrier, Hydrochloric Acid, 3%:   This is the carrier for the PE FIMS Instrument.  In 


a 1L volumetric flask, add 30mL concentrated trace grade HCl (Section 8.3).  Bring to volume 
with reagent water.  Store at room temperature, prepare daily as needed. 


8.5 Reductant, Stannous Chloride in 3% HCl:  This is the reductant for the PE FIMS 


Instrument.  In a 1L volumetric flask, add 30mL concentrated trace grade HCl and 11g SnCl2 
· 2H20.  Mix to dissolve the solid and bring to volume with reagent water. Store at room 
temperature, prepare daily as needed. 


8.6 Nitric acid (HNO3), concentrated:  Trace metal grade of low mercury content.  If a 


high reagent blank is obtained, it may be necessary to distill the nitric acid.  Store at room 
temperature in an appropriately designated acid cabinet. 
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8.7 Sodium chloride-hydroxylamine hydrochloride solution:  Dissolve 12 g of 


sodium chloride and 12 g of hydroxylamine hydrochloride in reagent water and dilute to 
100mL.  Store at room temperature.  Expires one month from date of preparation. 


8.8 Potassium permanganate, mercury-free,  5% solution  (w/v):  Dissolve 5 g of 


potassium permanganate in 100 mL of reagent water.  Store at room temperature.  Expires 
one month from date of preparation. 


8.9 Potassium persulfate, 5% solution (w/v):  Dissolve 5 g of potassium persulfate in 


100 mL of reagent water.  Store at room temperature.  Expires one month from date of 
preparation. 


8.10 Mercury Stock Standard, 1000ppm:  Purchased from a commercial source with a 


certificate of analysis.  Purchase three different sources.  Store at room temperature.  Expires 
upon manufacturer’s specification. 


8.11 Mercury Stock Calibration Standard, 10ppm:  To a 100mL volumetric flask, add 


5mL of concentrated HNO3, 2.5mL of concentrated H2SO4 and 1000ppm Mercury Stock 
Standard (Section 8.10, use one source).  Bring to volume with reagent water.  Store at room 
temperature.  Expires one month from date of preparation. 


8.12 Mercury Working Calibration Standard / Matrix Spike Solution, 0.1ppm:  
To a 100mL volumetric flask, add 5mL of concentrated HNO3, 2.5mL of concentrated H2SO4  
and 1mL of 10ppm Mercury Stock Standard (Section 8.11).  Bring to volume with reagent 
water.  Store at room temperature.  Make fresh daily.  


8.13 Mercury Calibration Standards:  All calibration standards are prepared daily. 


8.13.1 0 ppm Calibration Standard:  Add 10 mL of reagent water to a 
polypropylene digestion vessel. This aliquot may be used for the CCB. 
Another separate aliquot is prepared in the same manner for use as the ICB 
and diluent for sample dilutions. 


8.13.2 0.0002ppm Calibration Standard:   Add 10 mL of reagent water to a 
polypropylene digestion vessel. Pipet 0.05 mL of 0.1ppm Mercury Working 
Stock (Section 8.12) to the digestion vessel. Bring to a final volume of 25 
mL.  


8.13.3 0.001ppm Calibration Standard:  Add 10 mL of reagent water to a 
polypropylene digestion vessel. Pipet 0.25 mL of 0.1ppm Mercury Working 
Stock (Section 8.12) to the digestion vessel. Bring to a final volume of 25 
mL.  


8.13.4 0.002ppm Calibration Standard Add 10 mL of reagent water to a 
polypropylene digestion vessel. Pipet 0.5 mL of 0.1ppm Mercury Working 
Stock (Section 8.12) to the digestion vessel. Bring to a final volume of 25 
mL.  


8.13.5 0.005ppm Calibration Standard/Continuing Calibration Verification 
Standard:  Add 10 mL of reagent water to a polypropylene digestion 
vessel. Pipet 1.25 mL of 0.1ppm Mercury Working Stock (Section 8.12) to 
the digestion vessel. Bring to a final volume of 25 mL.  


8.13.6 0.010ppm Calibration Standard / Post Analytical Spike Solution:  Add 
10 mL of reagent water to a polypropylene digestion vessel. Pipet 2.5 mL of 
0.1ppm Mercury Working Stock (Section 8.12) to the digestion vessel. Bring 
to a final volume of 25 mL.  
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8.13.7 0.020ppm Calibration Standard / Post Analytical Spike Solution:  Add 
10 mL of reagent water to a polypropylene digestion vessel. Pipet 5.0 mL of 
0.1ppm Mercury Working Stock (Section 8.12) to the digestion vessel. Bring 
to a final volume of 25 mL.  


8.14 Mercury Stock LCS Standard, 10ppm:  To a 100mL volumetric flask add 25mL 


of reagent water and 5mL of concentrated HNO3 (Section 8.6).  Add 1mL of 1000ppm 
Mercury Stock Standard (Section 8.10). Bring to volume with reagent water.  Store at 
room temperature.  Expires one month from date of preparation. 


8.15 Mercury Working LCS Standard, 0.1ppm:  To a 100mL volumetric flask add 


25mL of reagent water and 5mL concentrated HNO3 (Section 8.6).  Add 1mL of 10ppm 
Stock LCS Standard (Section 8.14).  Bring to volume with reagent water.  Store at room 
temperature.  Expires one week from date of preparation.  


8.16 Mercury LCS Standard, 0.001ppm:   Prepare daily with each batch of samples.  


To a 50mL digestion vessel add 10mL of reagent water Add 0.25 mL of 0.1ppm Working 
LCS Standard (Section 8.15). Bring to a final volume of 25mL and carry through entire 
digestion process as in Section 10.1.1. 


8.17 Mercury Stock ICV Standard, 10ppm:  To a 100mL volumetric flask add 25mL 


of  reagent water and 5mL of concentrated HNO3 (Section 8.6).  Add 1mL of 1000ppm 
Mercury Stock Standard (Section 8.10-use alternate source than that used for both the 
calibration standards and the LCS Stock Standard).  Bring to volume with reagent water. 
Store at room temperature.  Expires one month from date of preparation. 


8.18 Mercury Working ICV Standard, 0.3ppm:  To a 100mL volumetric flask add 


25mL of reagent water and 5mL of concentrated HNO3 (Section 8.6).  Add 3mL of 10ppm 
Stock ICV Standard (Section 8.5).  Bring to volume with reagent water.  Store at room 
temperature.  Expires one week from date of preparation.  


8.19 Mercury ICV Standard, 0.003ppm:  Prepare daily with each batch of samples.  


To a 25mL digestion vessel add 10mL of reagent water.  Add 0.25mL of 0.3ppm Working 
ICV Standard (Section 8.18).  Bring to a 25mL final volume with reagent water and carry 
through entire digestion process as in Section 10.1.1..   


 


 


 


 


 


 


 


 


9. Quality Control  
The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results of 
analyses meet the performance characteristics of the method. 
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9.1 Blank(s) 


The ICB, CCB, and Preparatory Blank:  A 25mL aliquot of 0ppm calibration standard brought 
through the preparation procedure as outlined in Section 10.1.1 .  Blank results must be <RL.  
See Section 12.1 for corrective action. 


 


9.2 Laboratory Control Samples (LCS)  


The LCS Standard consists of a  0.001ppm Mercury LCS Standard (Section 8.16). This 
standard is brought through the preparation procedure as outlined in Section 10.1.1.  The LCS 
Standard must be recovered within ± 20% of the true value.  See Section 12.3 for corrective 
action. 


 
9.3 Initial Calibration verification (ICV) 


The ICV Standard consists of a 25mL aliquot of 0.003ppm Mercury ICV Standard (Section 
8.19).  The ICV must be recovered within 10% of the true value.  See Section 12.2 for 
corrective action. 
 


9.4 Continuing Calibration Verification (CCV) 


The CCV Standard consists of a 0.010ppm calibration standard (Section 8.13.3).  The CCV 
must be recovered within 20% of the true value. See Section 12.2 for corrective action. 


9.5 Matrix Spike 


      A matrix spike is analyzed once per batch of samples. A batch consists of 20 samples for        
     monitoring wells, surface waters, influents and effluents. Prepare the matrix spike at 0.005ppm   
     by adding 1.25mL of 0.1ppm Mercury Stock Standard (Section 8.3) to 25mL of the selected    
     QC sample. The final concentration of the matrix spike is 0.005mg/L.  


 
The matrix spike sample is brought through the preparation procedure as outlined in Section 
10.1.   A matrix spike is analyzed once per batch of samples.  A batch consists of 20 samples 
for monitoring wells and surface waters.  The recovery of the matrix spike must be between 75 
– 125% (using the calculation in Section 11.2). 
  
If the recovery of the matrix spike is out of range, a post-analytical spike is analyzed.  Prepare 
the post analytical spike by adding 5mL of 0.010ppm Calibration Standard / Post Analytical 
Spike Solution (Section 8.1.6) and 5mL of the sample digestate to a 50mL centrifuge tube for a 
final concentration of 0.005mg/L. Analyze the post spike as outlined in Section 10.3.5.  
 
Calculate the post spike concentration as follows: 


 
Post Analytical Spike Sample Concentration (mg/L) =  
 


[ Sample Concentration (mg/L) x (0.5) ]  +    0.005mg/L 
 
The percent recovery of the post-analytical spike must be between 75 – 125%.  See Section 
12.4 for corrective action. 


9.6 Laboratory Duplicate  


A sample is analyzed in duplicate once per batch of samples.  A batch consists of 20 samples 
for monitoring wells and surface waters. The RPD between the sample and its duplicate must 
be 20% or less (using the calculation in Section 11.3),  See Section 12.5 for corrective action. 
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9.7 Method-specific Quality Control Samples 


Not applicable. 


9.8 Method Sequence 


 


• Calibration Blank 


• 0.0002 ppm Calibration Standard 


• 0.0005 ppm Calibration Standard 


• 0.001 ppm Calibration Standard 


• 0.002 ppm Calibration Standard 


• 0.010 ppm Calibration Standard 


• 0.020 ppm Calibration Standard 


• ICV 


• ICB 


• Ten analytical samples 


• CCV 


• CCB 


• Ten analytical samples 


• CCV  


• CCB 


• Etc. 


10. Procedure 


10.1 Equipment Set-up 


10.1.1 Preparation and Digestion  


 
Samples, Standards and All Batch QC  


 
Transfer 25mL of well-homogenized sample (or an aliquot of the sample diluted to 25mL 
with reagent water) or standards (Sections 8.13.1 through 8.13.7, 8.16 and 8.19) to a 
50mL centrifuge tube. 


Add 1.25mL of concentrated H2SO4 (Section 8.2), 0.625mL of concentrated HNO3 
(Section 8.6), Add 3.75mL of Potassium Permanganate Solution, shake and add 
additional portions of potassium permanganate solution (if necessary) to all samples and 
QC, until the purple color  persists for at least 15 min. (Section 8.8). Add 2mL of 
Potassium Persulfate Solution (Section 8.9), and heat samples for 2 hours in a 95°C +/-3 
heating block.  Cool, and add 1.5mL of Sodium Chloride-Hydroxylamine hydrochloride 
solution (Section 8.7). 
Filter the sample if needed to remove any sediment or particulate. 


Analyze samples using the PE FIMS 100 as outlined in Section 10.4.  The digested 
calibration standards (Sections 8.13.1 through 8.13.7) are used in Section 9.2 to 
generate a calibration curve on the PE FIMS Instrument. 
 


10.2 Initial Calibration  


Construct a calibration curve by plotting the absorbances of prepared standards (Section 
10.1.1)  versus micrograms of mercury.  Determine the peak height of the unknown from the 
absorbance maxima on the spectrometer, and read the mercury value from the standard curve. 
(See Section 11.) 
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The curve correlation coefficient (cc) must be greater than or equal to 0.995 in order for the 
curve to be linear.  If the correlation coefficient is less than 0.995, find and correct the problem.  
When the problem has been corrected, re-analyze either the previous standards or new 
standards.  When the curve has generated an acceptable cc then the analysis can continue 
with the ICV/ICB. 
 


10.3 Equipment Operation and Sample Processing 


    Sample and standard analysis using the Perkin Elmer FIMS 100: 
 


10.3.1 Instrument Setup 
 


10.3.1.1 Turn the instrument on by flipping the power switch on the face of the instrument.  
The autosampler will initialize itself. 


10.3.1.2 Choose AA Winlab Analyst from the START menu.  The autosampler will 
initialize again. 


NOTE:  The instrument must be turned on before the application is started.  
Otherwise, an error message will result. 


10.3.1.3 Click the button next to “open a custom workspace”. 


10.3.1.4 Select “startup.fms” from the list and click OPEN.  This will open the “FIAS 
Control” and “Automated Analysis” windows. 


10.3.1.5 Click on the “Analyze” tab in the Automated Analysis window, then click on the 
“Select Location” button.  Click OK and the probe will go to the autosampler 
rinse. 


10.3.1.6 Fill the carrier and reductant bottles. 


10.3.1.6.1 The Carrier is 3% HCl (Section 8.4). 


10.3.1.6.2 The Reductant is 1.1% SnCl2 in 3% HCl (Section 8.5). 


10.3.1.7 Allow the instrument to warm up while clearing samples.  Samples that are 
cloudy or with particulate present after clearing must be filtered through 
Whatman 41 filter paper (Section 7.12) before analysis. 


10.3.1.8 Optimize (sections 10.3.1.8 through 10.3.1.15) sample uptake if there has been a 
major change made : (i.e.: line ID type, length of tubing, etc.) Place carrier uptake 
line (blue/yellow tubing, Section 7.7) and reductant uptake line (red/red tubing. 
Section 7.7) into graduated cylinders containing reagent water. 


10.3.1.9 Load carrier and reductant lines into pump magazines above the roller so that the 
long ends come out on the right side.  The carrier line goes into the inner 
magazine, and the reductant line goes into the outer magazine. 


10.3.1.10 Load the two waste lines into the pump magazines below the roller. 


10.3.1.10.1 The blue/yellow line goes into the inner two-channel magazine so that the 
long end comes out on the left side. 


10.3.1.10.2 The black line goes into the outer magazine so that the long end comes out 
on the right side 


10.3.1.11 Lock both the top and bottom magazines into place. 


10.3.1.12 Unscrew the fitting from the sample absorption cell leading to the liquid vapor   
separator and place it into an empty dilution-vial (Section 7.9). 
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10.3.1.13 Click the “Pump1” button in the “FIAS Control” window to start the roller. 


10.3.1.14 Adjust the tension on the lower pump magazine using the thumbscrews until a 
steady (but not too fast) stream of bubbles comes out of the liquid vapor 
separator and through the black tubing. 


10.3.1.15 Adjust the tension on the upper pump magazines to obtain the following flow 
rates: 


10.3.1.15.1 Carrier = 9 – 11 mL/minute 


10.3.1.15.2 Reductant = 5 – 7 mL/minute 


10.3.1.16 When the flow rates are set, click on the  “Pump1” button to stop the roller. 


10.3.1.17 Place carrier uptake line in the carrier bottle and reductant line in the reductant 
bottle. 


10.3.1.18 Click the “Pump1” button to restart the roller. Allow to run for a couple of minutes 
to flush the reagent water from the lines.  Click on the “Fill/Inject” button several 
times to flush the sample loop. 


10.3.1.19 With the “Fill/Inject” button in the “Fill” position, (button not depressed), click the 
“Pump1” button to stop the roller.  


10.3.1.20 Remove the cap from the liquid/vapor separator and wipe dry with a KimWipe 
(Section 7.10).  If necessary, blow compressed air (Section 7.11) through the 
vapor transfer line to dry it out. 


10.3.1.21 Place a PTFE membrane (Section 7.8), rough side up, in the liquid/vapor 
separator; replace the cap and reattach the vapor transfer line to the sample 
absorption cell. 


10.3.1.22 Click on the “Pump1” button to start the roller. 


10.3.1.23 Adjust the gas flow by turning the black knob below the air flow meter to obtain a 
reading of just over 50. 


10.3.1.24 Click on the “Pump1” button to stop the roller. 


10.3.2 Creating a Sample Information File and Loading the Sample Tray 
 


10.3.2.1 Click the “SampInfo” button on the toolbar. 


10.3.2.2 In the description line, type “prep date MM/DD/YY”. 


10.3.2.3 In the analyst line, type the analyst’s initials. 


10.3.2.4 Drag the scroll bar so that the autosampler location 12 is showing. 


10.3.2.5 Double-click the “Sample Units” cell in line 12. 


10.3.2.6 Select “µg/L” from the list and enter the range of locations (12 up to 44) and click    
OK. 


10.3.2.7 Starting with position 12, type in the sample ID 


10.3.2.8 When finished, choose “Save As” from the “File” menu, then choose the “Sample 
Information” file. 


10.3.2.9 Save the file as MMDDYYA 


10.3.2.10 Load the samples into the tray as follows: 


Position 1 Calibration Blank 
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Position 2 0.2ppb Standard 


Position 3 1.0ppb Standard 


Position 4 2.0ppb Standard 


Position 5 5.0ppb Standard 


Position 6 10.0ppb Standard 


Position 7 20.0 ppb Standard 


Position 8 ICV 


Position 9 ICB 


Position 10  PBW  listed in the sample information file. 


Position 11 LCSW  listed in the sample information file. 


Positions 12 – 42 Samples as listed in the sample information file. 


10.3.2.11 Click the “Load Tray” button. 


10.3.2.12 Replace the empty tray with the tray containing the standards and samples. 


10.3.2.13 Click the “Load Tray” button. 


10.3.2.14 Click the “Select Location” button and click OK to lower the probe into the 
autosampler rinse. 


10.3.3 Instrument Calibration 
 


10.3.3.1 Click the “Workspace” button in the toolbar. 


10.3.3.2 Select a workspace template and click OK. 


10.3.3.3 Click on the Setup tab in the automated analysis window. 


10.3.3.4 Click the “Browse” button under “Sample Information File” 


10.3.3.4.1 Select the sample information file that you want to open and click OK. 


10.3.3.5 Click the “Browse” button under “Results Data Set Name”. 


10.3.3.5.1 Type in the data set name in the format MMDDYYA and click OK. 


10.3.3.6 Click the “X” under the “Use Entire Sample Info File” so that it disappears. 


10.3.3.7 Under the “Use Autosampler Locations Listed Below”, enter the order of samples 
to be run.  NOTE:  Do not include standards and QC checks. 


10.3.3.8 Click the “Analyze All” tab. 


10.3.3.8.1 The instrument will run the calibration curve and continue with the samples. 


  


10.3.4 Initial Calibration Verification 
 


10.3.4.1 When the calibration is complete (6 – 7 minutes) evaluate the r
2
 correlation 


coefficient, it must be between 0.995 and 1.000. 


10.3.4.1.1 The instrument will run the ICV and ICB. If the recoveries of these are within 
the proper ranges (Sections 9.3 and 9.1), the instrument will continue with 
analysis of samples as outlined in Section 10.3.5.   
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10.3.4.1.2 If the recoveries of the ICV and/or ICB are not within the proper ranges 
(Sections 9.3 and 9.1), the problem must be found and corrected, and the 
instrument recalibrated per Section 10.3.3. 


10.3.5 Sample Analysis   


10.3.5.1 The instrument will now run ten analytical samples, a CCV and CCB, ten 
analytical samples, CCV, CCB, etc.  The CCBs and CCVs must be recovered 
within the proper ranges (Sections 9.1 and 9.4) for analysis to continue. 


10.3.5.2 If the recoveries of the CCB and/or CCV are not within the proper ranges 
(Sections 9.1 and 9.4), the instrument must be recalibrated per Section 10.3.3.  
The samples that were analyzed after the last valid CCV/CCB must be re-
analyzed. 


10.3.5.3 If the sample result is beyond 90% of the concentration of the highest point on 
the calibration curve used to define the linear range, dilute the sample extract 
with a portion of one of the prepared blanks (ICB, CCB or PWB) to produce an 
analytical result that is within range.   


10.3.6 Instrument Shut Down 
 


10.3.6.1 When analysis is complete, click the “Workspace” button in the toolbar. 


10.3.6.2 Place reagent uptake lines in a beaker of reagent water. 


10.3.6.3 Click on the “Analyze” tab. 


10.3.6.4 Click on the “Pump1” button to start the roller 


10.3.6.4.1 Allow to run for several minutes to flush reagents out of the lines. 


10.3.6.4.2 Click on the “Fill/Inject” button several times to rinse the sample loop. 


10.3.6.5 Click the “Move Probe Up/Down” button to raise the probe out of the autosampler 
rinse. 


10.3.6.6 Pull the reagent uptake lines out of the reagent water beaker to allow the pump 
to draw air through the lines. 


10.3.6.7 Click “Fill/Inject” button several times to pull air through the sample loop. 


10.3.6.8 With the “Fill/Inject’ button in the “Fill” position, click “Pump1” button to stop roller. 


10.3.6.9 Unlock the top and bottom pump magazines and remove tubing from the 
magazines. 


10.3.6.10 Return the reagent uptake lines to the reagent water beaker. 


10.3.6.11 Click the “Move Probe Up/Down” button to lower the probe into the rinse beaker. 


10.3.6.12 Select “EXIT” from the File menu to exit the WinLab application. 


10.3.6.12.1 A “Shutting Down System” message will display. 


10.3.6.13 When the desktop appears, turn off the power switch on the instrument. 


10.3.6.14 Dump the samples and instrument waste in the Metals/WetChem waste drum 
located in the transfer room. 


10.4 Continuing Calibration 


Continuing calibration verification samples are analyzed after every 10 samples in the sample 
run, as outlined in Section 10.3.5. 
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10.5 Preventative Maintenance 


Preventative maintenance is conducted per the manufacturer’s instructions.  All preventative 
maintenance is recorded in the Instrument Maintenance Logbook. 


11. Data Evaluation, Calculations and Reporting 


11.1 Calculate Mercury concentration  


Calculate Mercury concentration from the daily calibration curve.  The curve is generated 
utilizing a straight-line equation defined as: 


 
A  = k1  +  k2C  


 
Where:   


  A = Average peak height of the sample/standard integrations  
C = Sample/Standard Concentration, µg/L 


  k1 =  y-intercept 
  k2 = slope 
  


The instrument will plot peak height against concentration (µg/L).  The result is generated 
in µg/L .  This value is divided by 1000 to convert the units to mg/L.  If the sample is 
diluted (DF), the result is multiplied by the DF to generate the final result. 


 
Result, mg/L   =   (concentration, µg/L)  x  ( 1mg/1000µg) x (DF)  
 


11.2 Matrix Spike Calculation 
 


Calculate percent recovery for the Matrix Spike corrected for concentrations measured in 
the unfortified sample.  Percent recovery is calculated using the following equation: 


 
  % Recovery = (Cm – C)    x   100 
        s 
 
 Where:  
  Cm = measured Mercury in the fortified sample 
  C = measured native mercury sample concentration 
  S = concentration equivalent of spike added to sample 
 
 


11.3 Relative Percent Difference (RPD) Calculation 
 


Calculate the Relative Percent Difference (RPD) for each Duplicate of the initial 
quantitated concentration (IC) and duplicate quantitated concentration (Dc) using the 
following formula: 


 
RPD =      | (IC – Dc) |       x       100 


                  {(IC + Dc) / 2} 
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12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


12.1 Method Blank Failure:  When a prep blank mercury level constitutes 10% or more of 


analyte level determined for any sample in the batch, or is greater than 2.2x the MDL value 
(whichever is greater), the associated samples in the batch must be redigested (Section 10.1). 


For method blanks that have concentrations greater than the RL, the data is rejected and the 
associated samples sent back for redigestion unless the associated sample concentrations 
are greater than 10x the blank concentration.  In this case the blank is narrated and the results 
are reported without qualification. 


12.2 ICV / CCV Failure:  If the ICV %Recovery is outside of acceptance criteria, the ICV is 


reinjected.  If the %Recovery is outside the acceptance criteria, the analysis is terminated until 
the problem is found and corrected.  If the CCV %Recovery is outside of acceptance criteria, 
the CCV is reinjected. If the % Recovery is still outside the acceptance criteria, all samples 
analyzed since the last acceptable CCV must be reanalyzed following correction of the 
problem. 


12.3 LCS Failure:  If the LCS is not recovered within acceptance criteria, the LCS is reinjected.  


If the % Recovery is still outside the acceptance criteria, either recalibrate and rerun or the 
associated batch and another LCS must be redigested (Section 10.1). 


12.4 Matrix Spike / Post Digestion Spike Failure:  If the recovery of the matrix spike is 


outside of the acceptance criteria, a post digestion spike is performed (Section 9.54). If the 
post digestion spike is outside of 75 – 125%, a narrative must be included with the data. 
(Section 10.1).  


12.5 Duplicate Failure: If the RPD between the sample and its duplicate is greater than 20%, 


visually evaluate the sample matrix. If the matrix appears problematic, the sample digestate 
may be diluted and reanalyzed, or a narrative included with the data to explain the matrix 
problem.  


13. Method Performance 


13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


 The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for 
review. 


 
13.2 Demonstration of Capability Studies 


 Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 
 
13.2.1 Initial (IDC)  


The analyst must make an initial, one-time, demonstration of the ability to 
generate acceptable accuracy and precision with this method, prior to the 
processing of any samples. 


 
13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to 
generate acceptable accuracy and precision with this method. 
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14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information. 


 


15. Referenced Documents 


Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/14-01 Waste Management and Disposal SOP 
 


16. Attachments 


Figure 1:  Method 7470A Flow Chart 
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Figure 1 


Method 7470A Flow Chart 
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Acid Volatile Sulfides and Simultaneously Extracted Metals in 
Sediments 


 
Reference: “Determination of acid-volatile sulfide and simultaneously-extracted metals 


in sediments using sulfide-specific electrode detection,” Warren S. 
Boothman, USEPA Environmental Research Laboratory, Narragansett, RI, 
and Andrea Helmstetter, Science International Corp., Narragansett, RI.  
September 4, 1992.  AVSSEM SOP v2.0. 


EPA-821-R-91-100 – DRAFT Analytical Method of the Determination of 
Acid Volatile Sulfide in Sediment, US EPA Offices of Water, and Science 
and Technology, 1991. 


 


1. Scope and Application 


Matrices: Sediments 


Definitions:  Refer to Alpha Analytical Quality Manual. 


 


Acid volatile sulfides (AVS) are amorphous or moderately crystalline metal monosulfides, primarily 
FeS.  It has been demonstrated that AVS may be the most important factor controlling the availability 
of heavy metals to benthic organisms in anoxic sediments.  The relative concentrations of AVS and 
simultaneously extractable metals (SEM) is postulated as an indicator of metal availability. 


 
The classification of sulfides as “acid volatile” is an operational definition; i.e., the extent to which 
mineral sulfide phases are volatilized by the analysis will depend on the analytical conditions used 
(acid concentrations, time, etc.).  For AVS data to be comparable, the reaction conditions used to 
volatilize sediment sulfides must be similar.  Simultaneously extracted metals are operationally 
defined as the metals extracted from the sediment into solution by the acid volatilization procedure.  


Soluble metals are those passing through a 0.45 µm filter. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of experienced analysts. Each analyst 
must demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 
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2. Summary of Method 


To determine AVS in sediments, an aliquot of wet sediment is acidified with HCl under nitrogen gas to 
produce gaseous hydrogen sulfide (H2S).  The H2S is purged from the flask and trapped in buffer 
solution.  The sulfide concentration is measured electrometrically using an ion-selective electrode 
against a sulfide standard solution curve. 


Simultaneously extracted metals (SEM) are determined by filtration of the acid-sediment slurry and 
analysis of the extract by ICP, ICP-MS, or CVAF as per laboratory SOPs which describe analysis of 
dissolved metals in aqueous solutions. 


2.1 Method Modifications from Reference 


   None. 


3. Reporting Limits 


Sulfide – 200 ug/L (0.624 µmol/g) 


Cd – 2 µg/L (0.00178 µmol/g) 


Cu – 10 µg/L (0.0157 µmol/g) 


Pb – 20 µg/L (0.00965 µmol/g) 


Ni – 20 µg/L (0.0341 µmol/g) 


Zn – 20 µg/L (0.0306 µmol/g) 


µmol/g values are based on 1 g wet weight. 


4. Interferences 


Volatilized sulfide will be lost if oxygen is present in apparatus or reagents.  The apparatus used 
must be completely purged with oxygen-free nitrogen gas prior to beginning of analysis. 


Volatilization of sulfides from sediments by acidification can be affected by sediment matrix which 
may consume the acid and increase the slurry pH.  This may occur in sediments with high carbonate 
content.  In such cases, the acid extracts should be tested periodically, especially if effervescence is 
observed during acidification with HCl, to insure that the pH < 2. 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


 


 


 







Alpha Analytical, Inc.  ID No.:2140   
Facility:Mansfield MansfieldMansfield                                          Revision 
Department:Metals Analysis  Published Date:8/3/2012 11:33:35 AM  
Title:  AVS-SEM  Page 3 of 8  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: M-008 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Because the sulfide ion is unstable in the presence of dissolved O2, storage containers should 
minimize the air space above the sediment.  Samples should be collected in soil jars with 
sealed caps to minimize volatile losses.  Approximately 20 to 30 g are required (to allow for 
replicate and QC analyses, as required). 


6.2 Sample Preservation 


Samples should be stored at 4° + 2° C following collection. 


6.3 Sample Shipping 


No special shipping requirements. 


6.4 Sample Handling 


Samples should be analyzed within 14 days of collection. 


 


7. Equipment and Supplies 


7.1 pH/Ion selective electrode meter 
 
7.2 Sulfide selective electrode 
 
7.3 Flow controller 
 
7.4 Flasks (250 mL round-bottom; 100 mL volumetrics), beakers (150 mL), 


graduated cylinders (50 mL and 100 mL) 
 
7.5 Filter holders with receivers (250 mL) 
 


7.6 47 mm filters, 0.45 µm nominal pore size 


 


7.7 Tygon tubing 
 


7.8 Air sampling impingers and impinger bottles 
 


7.9 20-30 ml polyethylene barrel syringes with needles 
 


8. Reagents and Standards 


8.1 Reagents 


8.1.1 Nitrogen gas - oxygen-free.  Ultra pure N2 gas can be purchased and/or an 
oxygen trap attached to the N2 gas tank in-line to remove the trace oxygen. 


 
8.1.2 Hydrochloric Acid (HCl).  Instra-Analyzed Grade. 6N HCl prepared by diluting 


250 mLs HCl into 250 mLs DI water. 
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8.1.3 Sulfide Anti-Oxidant Buffer Reagent (SAOB).  (2M NaOH, 0.2M EDTA, 0.2M 
ascorbic acid)  (note - prepare in order indicated).  Dissolve 80.00 g NaOH slowly 
in 700 mL DDI water.  When cool, add 74.45 g EDTA (disodium form) and stir 
until dissolved.  Add 35.23 g ascorbic acid and stir until dissolved.  Pour solution 
into a 1000 mL beaker and dilute to volume with DDI water.  For use in impinger. 


 
8.1.3.1 Dilute SAOB.  Mix 350 ml of SAOB with 350 ml DDI water.  For use with 


standards only. 
 


8.1.4 Sulfide Stock Solution 
8.1.4.1 Primary Stock Preparation (Approx. 1650 ppm).  Wash crystals of 


Na2S•9H2O with deionized water and blot dry.  Weigh approximately 12 


g of Na2S•9H2O and dissolve in 900 ml DDI water.  Pour into a 1000 ml 
volumetric flask and dilute to volume with DDI water.  Standardize daily. 


8.1.4.2 PrimaryStock Standardization.  Pipette 10.00 ml of standard iodine 
solution into each of two 125 ml Erlenmeyer flasks.  Pipette 2.00 ml of 
sulfide stock into one flask.  Pipette 2.00 ml of DDI water as a method 
blank into the other flask.  Add 5.0 ml of 6M HCl into each flask, swirl 
lightly, then cover and place in the dark for 5 minutes.  Titrate each with 
0.025N thiosulfate solution, adding soluble starch indicator when the 
yellow iodine color fades.  The end point is reached when the blue color 
disappears. 


 


sulfide (µmol/ml) = (Tbl-Ts) x  N  x  1 mole S
2-  


 x  1000 µmoles 
ml sample         2 equiv S


2-
        1 mole 


 


sulfide (ppm) = sulfide (Φmol/ml) x 32 
where T = ml titrant used for blank and spike 
where N = normality of thiosulfate titrant 


 
8.1.5 Standard Iodine solution (0.025N).  This solution is purchased commercially. 


 
8.1.6 Thiosulfate titrant (0.025N).  This solution is purchased commercially and 


diluted. The solution is then standardized against the 0.025N standard iodine 
solution. 


 
8.1.7 Soluble starch indicator.  Prepare by dissolving 1.0 g starch in 100 ml boiling 


deionized water. 


8.2 Calibration and QC Solutions 


8.2.1 Calibration standards are prepared by diluting primary sulfide stock solution to 
produce a working standard.  The primary stock concentration must be 
standardized by iodometric titration before preparing the working standards. See 
section 8.1.4.2. 


 
8.2.2 Working standard is made by 6.0 ml primary sulfide stock and diluting to a final 


volume of 200 ml with dilute DI WATER.  The working standard exact 
concentration is determined by the following calculation: 


 
working standard (ppm) = (6) (Primary stock conc. *) 
       200 
 
* as determined by standardization 
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8.2.3 Calibration curve consists of the following aliquots of working standard diluted to 


100 ml with dilute SAOB:  0.20, 0.50, 2.0, 5.0, 20.0, and 50.0 ml.  Exact 
concentrations are determined daily by the following equation: 


 
ppm sulfide = (ml working standard) x (conc. working standard) 


                                                                        100 
 


8.2.4 Initial Calibration Verification (ICV) Continuing Calibration Verification (CCV). The 
mid point of the calibration curve must be analyzed at the beginning of an 
analytical sequence, after a minimum of every ten samples and at the end of 
each analytical sequence. The calibration curve need not be generated daily. If a 
calibration curve is used over more than a one day period then an acceptable 
CCV must be generated prior to continuing with the analysis. 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


A preparation blank should be prepared with each batch. The concentration should be less than 
the reporting limit of the analysis. Corrective Action. Determine the cause of the contamination, 
reprepare batch if reporting limit can not be raised above the level of the blank. 


9.2 Laboratory Control Sample (LCS) 


A LCS or  blank spike should be analyzed with every batch to verify the analytical system.  
Recovery should be within the range of 85-115%.  Corrective Action:  If LCS recovery is outside 
this range, determine source of error before analyzing samples.  An acceptable LCS recovery 
must be obtained prior to the analysis of samples. 


9.3 Initial Calibration Verification (ICV)  


The ICV should be analyzed at the beginning of each run, after calibration, to verify the 


accuracy of the electrode.  Acceptable recovery is ± 15% of true value.  Corrective Action:  
Repeat the determination if recovery is still out determine cause.  Re-calibrate electrode meter.  
Reanalyze ICV.  Analysis cannot proceed until an acceptable ICV recovery is obtained. 


9.4 Continuing Calibration Verification (CCV) 


The CCV should be analyzed after a maximum of ten samples with a recovery of ± 15%.  
Corrective action. Repeat the determination if recovery is still out determine cause.  Re-
calibrate electrode meter.  Reanalyze all samples from last passing QC standard. 


9.5 Matrix Spike 


Analyze a matrix spike (MS) for every ten environmental samples(10% or more frequent) using 
the working standard as a spiking solution. Add the sulfide metals spike with the 6N HCl 
through the sidearm.  Acceptable recovery is 75-125%.  Corrective Action:  If blank spike is in-
control and the MS is not; matrix interference is suspected.  Include a narrative explanation to 
client that there is evidence of a matrix effect on the accuracy of the results.  If project-specific 
QC requires, the analysis of the MS could be repeated using a smaller sample aliquot to 
minimize matrix effects. 


9.6 Laboratory Duplicate 
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Duplicate analyses (matrix duplicate) should be performed at a frequency of 5% or each 
analytical batch, whichever is more frequent.  The RPD should not exceed 20%. Corrective 
Action:   If the RPD exceeds 20%, include narrative to client that there is evidence of a matrix 
effect on the precision of the results. 


9.7 Method-specific Quality Control Samples 


Not applicable. 


 


9.8 Method Sequence 


Calibration 


ICV 


ICB 


Method Blank 


LCS 


Sample 1 


Duplicate 


Matrix Spike  


(Matrix Spike Duplicate) 


Sample 2 


Sample 3 etc. 


CCV 


CCB 


 


10. Procedure 


10.1 Equipment Set-up 


10.1.1 Extraction. 
 


9.1.1  Weigh 2-3 g sediment into an acid washed 250 ml round bottom flask with septum 
sidearm.  Add 50 ml DDI water and an acid washed stir bar. It is important to try to 
extract enough sample to generate a positive Sulfide response in order to evaluate 
the SEM/AVS ratio.  Some samples (such as clean sand) will not contain enough 
sulfide for detection. 


 


9.1.2  To the impinger (trap) add 50 ml SAOB solution and 30 ml DDI water.  Purge system 
with nitrogen for 10 minutes.  Slowly add 10 ml of 6N HCl through sidearm.  Turn on 
stir plate. 


 


9.1.3  Purge system with nitrogen for 60 minutes. 
 


9.1.4  Remove impinger.  Pour solution into 100 ml volumetric flask, rinsing impinger trap 
with DDI water.  Dilute to 100 ml with DDI water. 
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10.1.2 Measurement of sulfide by ion-specific electrode. 
 


10.1.2.1 Prepare calibration curve after standardizing primary stock to determine exact 
sulfide concentration.  A 6-point curve is generated by regressing log sulfide 
concentration against mvolt reading from the probe. The blank is not used in the 


regression. The correlation coefficient r must be ≤ -0.995. 
 
10.1.2.2 Pour standard or sample from flask into 150 ml beaker, add stir bar and stir with 


minimum agitation (to avoid oxidation of sample).  Using DDI water, rinse 
electrodes and blot dry.  Immerse electrode in sample solution. 


 
10.1.2.3 Allow electrode response to stabilize.  Record millivolt reading.  Plot calibration 


curve of standards.  Use standard curve to convert sample millivolt readings to 
log sulfide concentration of sample. The sample sulfide concentration is 
calculated as the antilog of the result generated from the calibration curve. 


 
10.1.2.4 If the measured sulfide concentration exceeds the range of calibration standards, 


repeat the analysis using a smaller amount of sediment.  If the measured 
concentration is less than the low standard of the calibration curve, repeat the 
analysis for that sample using more sediment. 


10.2 Initial Calibration 


 Refer to Section 10.1.2.1 for sulfide calibration curve information. 


10.3 Equipment Operation and Sample Processing 


10.3.1 Simultaneously extracted metals.  
 


10.3.1.1 Assemble the acid washed filtration unit with a 0.45µm pore size filter and apply 
pressure. 


 
10.3.1.2 Pour the acid-sediment slurry of the round-bottom flask into the upper chamber 


of the filtration unit and apply pressure.  Rinse the round bottom flask several 
times with DDI water and add the rinsed to the filtration unit.  When all the 
solution has been filtered, wash the walls of the upper chamber of the filtration 
unit with DDI water. 
 


10.3.1.3 Pour the filtrate into a clean 100 mL graduated cylinder.  Bring to volume with 
DDI water.  Mix the sample and pour into a labeled, acid-cleaned polyethylene 
bottle and cap.  The sample is ready for metals analysis. 


 
10.3.1.4 Weigh out aliquot and perform dry-weight (percent solids test) determination 


following laboratory SOP. 


10.4 Continuing Calibration 


CCVs must be 90-110% for SEM metals by ICPMS, sulfide must be  


10.5 Preventive Maintenance 


Clean impinge exterior with Kimwipes to remove sediment/residue.  Clean interior with 
cotton swabs. 
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11. Data Evaluation, Calculations and Reporting 


11.1 AVS concentration in sediments. 


 
Acid Volatile Sulfide (mg/Kg dry wt)  =  mg/L from curve  x  trap volume             


                                                                  initial g sediment  x  dry wt conversion 


11.2 SEM concentrations in sediments. 
 


SEM (µg/g dry wt)  =  concentration metal  x  final volume of 100 mL 
                          initial g sediment  x  dry wt conversion 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Refer to Section 9. 


13. Method Performance 


13.1 Detection Limit Study (DL) / Limit of Detection Study (LOD) / Limit of 
Quantitation (LOQ) 


The laboratory follows the procedure to determine the DL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


Chemical Hygiene Plan 


SOP/08-05 Detection Limit (DL), Limit of Detection (LOD) & Limit of Quantitation (LOQ)  


SOP/08-12 IDC/DOC Generation 


SOP/G-006 Waste Management and Disposal SOP 


16. Attachments 


None. 
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1. Mission Statement 


The mission of MicroVision Labs is to provide high quality analytical microscopy service to our 
clients in as rapid a manner as possible at competitive rates.  Our quality lies not only in the 
data we produce but also in our willingness to work one on one with our clients to produce 
customized analytical methods for their needs. 
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3. Introduction 
  
The Quality Control Manual of MicroVision Labs, Inc. describes the quality program in use at 
our facility.  This Quality Control Manual provides employees, clients and accrediting agencies 
with the necessary information to understand how our quality control system operates. This QA 
System is designed to include quality assurance, quality control, and the laboratory feedback 
system mechanisms. All of these systems are detailed and enforced in our laboratory to 
demonstrate our maintained commitment to quality results and service.  
 
Written procedures are maintained as Standard Operating Procedures (SOP's) for a number of 
our routine analysis and methods.  These SOP's are available to all staff in both paper and 
electronic form.  General laboratory procedures regarding the maintenance of data, reporting, 
and internal controls are detailed in this document. The provisions of this Quality Control 
Manual, including all referenced standard operating procedures, are binding on all temporary 
and permanent personnel.   
  
3.1   Analytical Techniques 
 
The following definitions are of analytical techniques utilized at our laboratory. Many of the 
analytical techniques performed at this laboratory are utilized to create customized analyses, as 
requested by individual clients. The following summarizes the analytical techniques utilized in 
the laboratory, but does not detail all operating procedures and methods used in the laboratory. 
 
SEM: Scanning Electron Microscope if used as a noun or Scanning Electron Microscopy if used 
as an analysis.  The SEM is a powerful microscope which can image samples from 15X to over 
100,000X with exceptional resolution and depth of field providing useful surface morphological 
information. 
EDS: Energy Dispersive x-ray Spectroscopy, also known as EDX.  The EDS is an elemental 
detector on the SEM which can detect the presence of elements from Carbon to Uranium with 
detection limits on the order of 0.1% to 1%.   
PLM:  Polarized Light Microscope if used as a noun or Polarized Light Microscopy if used as an 
analysis.  The PLM provides optical and morphological information from the sample and 
typically operates at magnifications ranging from 40X to 400X. 
Stereomicroscopy:  The examination of a sample through a stereomicroscope.  This is a low 
magnification analysis, typically between 5X and 50X, which allows for the quick assessment of 
a large number of particles. 
FTIR:  Fourier transform Infra-red spectroscopy is a measurement technique that allows one to 
record infrared spectra which can be compared to known spectra for identification purposes.   
 
3.2   Quality Statement 
 
It is the policy of MicroVision Laboratories, Inc. to act in a professional manner as an 
independent testing laboratory and to provide analytical microscopy services to our clients that 
meet or exceed their expectations. MicroVision Laboratories is committed to supporting clients 
with analytical services from initial determination of needs through quality reporting and 
presentation of data and related reporting.  
 
MicroVision Labs is committed to the highest quality possible in the services we provide.  We 
are dedicated to continual improvement of our services through continued training of our staff, 
providing reliable and state of the art equipment, and maintaining strict scrutiny of data 
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reporting and internal policies.  Our services must meet or exceed our clients' expectations with 
total satisfaction as our goal.   
 
3.3  Quality Assurance Policies 
 
Documentation is required for every procedure affecting client samples and data including 
sample log-in, preparation, analysis, reports, data delivery, and sample archiving or return. 
Documentation is also maintained for all equipment and procedures that provide primary data 
acquisition. Primary data is always maintained, as well as tabulated or computationally 
prepared data. All deliverables reported to clients are also maintained and archived, 
independent of primary data.   
 
It is the responsibility of every employee to report any quality issue or potential issue that they 
may discover to management.  No quality issue is to be deemed resolved until both analyst and 
management agree that all actions needed to resolve the issue have been taken. Corrective 
actions are documented, with a summary of the nature of the reported issue, steps taken to 
correct the action, and final disposition of the issue with regard to client satisfaction. Each 
quality service issue is then examined at quality assurance meetings between staff and 
management which take place at a minimum quarterly. These issues are examined in order to 
determine areas where procedures and reporting documentation can be improved. 
Amendments are then made to operating procedures where appropriate and revised 
documents are issued.  
 
All employees will be provided the technical infrastructure and resources necessary to 
implement our quality policies.  This can include technical expertise, proper software and 
hardware or other laboratory equipment. Employees are also encouraged to solicit additional 
support from management for either logistical or material support if they feel it necessary to 
provide the highest quality service.  
 
The technical and service requirements of all requests to provide analyses are thoroughly 
evaluated before commitments are made to accept the work. No work is to be engaged until 
both the client and management are aware of the technical and logistical parameters governing 
that work.  
 
It is the policy of this laboratory to discourage and reject all influence or inducements (whether 
commercial, financial or personal) offered either by customers or suppliers, which might 
adversely affect results or otherwise compromise the judgment or impartiality of the staff.  It is 
the responsibility of the President and Quality Assurance Manager to inform customers and 
suppliers of this policy when necessary. 
 
In the event that any such influences or inducements are encountered, the staff is instructed to 
inform management immediately.  It is the responsibility of the President and Quality Assurance 
Manager to take appropriate action to prevent recurrence.   
 
3.4 Management System Policies 
 
It is the role of management to establish and cultivate principles that integrate quality 
requirements into daily work.  Management is responsible for leadership and commitment to 
quality achievement and improvement.  Management retains the primary responsibility and 
accountability for the scope and implementation of the quality management system.  However, 
every employee is responsible for achieving quality in his or her activities.  Management should 
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require and cultivate the achievement and improvement of quality at every level of the 
organization and ensure that the QA Manual is understood and implemented. 
 
 
 
4. Personnel Responsibilities and Qualifications 


 


The following provides an overall guideline for employees working at MicroVision Labs. These 
descriptions are designed to give an overall summary of the typical responsibilities and 
corresponding skill set requirements for employees of MicroVision Labs. It is not designed to be 
a discrete, complete list of daily responsibilities or complete job description. 
 
Analytical Microscopist:  The Analytical Microscopist is responsible for sample preparation 
and data collection.  Other responsibilities include performing routine instrument calibrations 
and calibration checks on an as needed basis and training of laboratory technicians whenever 
possible.  A BS degree in a scientific field is required for this position.   
 
 
Managing Microscopist:  The Managing Microscopist is responsible for policy decisions 


regarding acceptance of projects, sample preparation methods and analytical methods used.  
Other responsibilities include training of laboratory personnel when needed, generating project 
quotations for clients as well as data collection.  A BS or higher degree in a science discipline 
as well as 5-10 years of laboratory work experience is required for this position.    
 
 
Laboratory Technician:  The Laboratory Technician assists the Analytical Microscopists or 
Managing Microscopists with sample preparation whenever needed.  The Lab Tech is also 
responsible for sample archiving and laboratory clean up.  The Lab Tech must have at a 
minimum a High School diploma, or equivalent, with a strong science background.      
 
 
Office Support:  Office Support is responsible for sample receiving, sample log-in, report 
generation and delivery, invoicing, collections, shipping samples back to clients.  The minimum 
qualifications for the Office Support position are a High School diploma, or equivalent, with 
strong organizational skills.  
 
 
 
5. Instruments, Equipment and Reagents 
 


Scanning Electron Microscopes (SEM): 
Amray 1000A (LaB6 capable, Robinson BSE Detector, E.Fjeld Modular Plus 
Stage) w/ EDS (Bruker Spirit Microanalysis System and ImageMaster Digital 
Imaging System) 


 
Leo 435VP w/ Bruker X-Flash (v3) EDS Quantax SD Detector and Esprit 
Software 


 


 Amray 1830 (LaB6 capable) w/ Bruker X-Flash (v6) EDS Quantax SD Detector 
and Espirit Software. 
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Amray 1000B w/ E. Fjeld Modular Plus Stage and Robinson BSE Detector and 
SemiCaps digital imaging system 


 
Infrared Spectrometer: 


   
  Analect RFX-40 FTIR Spectrometer (ATR capabilities) 
 
Micro-FTIR: 
 Bruker Lumos Stand-alone FTIR microscope with full automation (motorized 
ATR crystal and stage), OPUS software 


 
Focused Ion Beam (FIB): 
 FEI 611 FIB with gallium source, platinum GIS system 
 
Optical Microscopes: 


Zeiss Axiotech Microscope w/ Sony imaging system 
(2) Olympus BHSP Polarized Light Microscopes w/ Pixelink 3.0 megapixel digital 
cameras 
Olympus BHSM Microscope for Reflected light brightfield, darkfield, Nomarski 
DIC & Transmitted Polarized light brightfield w/ Pixelink 3.0 megapixel digital 
camera 
Olympus BHB Polarized Light Microscope 
Olympus SZ-ST Stereo Microscope w/ Pixelink 3.0 megapixel digital camera 
Nikon SMZ1500 Stereo Microscope 
Meiji EMZ Stereo Microscope 


 
 Coaters: 


  Anatech Hummer V Argon Plasma Sputter Coater 
  Ernest F. Fullam Carbon Coater 
 
 pH Meter: 


Hanna Instruments HI 2210 pH Meter  
 


Acids & Reagents:  
Citric Acid, 99.5% 
Hydrochloric Acid  


 Nitric Acid, 70% redistilled 
 Nitric Acid, Red, Fuming (90%) 
 Oxalic Acid Anhydrous 


Sulfuric Acid, Fuming 
Tannic Acid Powder, extra pure 
Acetone (collapsing filter membranes, cleaning and sterilization of equipment) 
Ammonium Iron (III) Sulfate 
Ammonium Fluoride 
 
Carbon Tetrachloride, reagent grade 
Dichloromethane, ACS reagent 
Ethylene Glycol 
Hexane, laboratory reagent 
Isopropyl Alcohol (for cleaning and sterilization of equipment) 


 Potassium Hydroxide 
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  Tetrahydrofuran 
  Sodosil 


 
6. Standard Operating Procedures 


 
 
This section of the manual is designed to reference general quality assurance procedures 
related to laboratory practices held in common between all analytical services provided by 
MicroVision Labs.  
 
6.1 Sample Receiving 


When samples are received at the laboratory, either by hand delivery, postal or 
delivery service, the samples are taken to the sample receiving area for 
unpacking.  Where possible, shipping labels from the exterior packaging are 
retained to provide a direct record of the point of origin. Once opened, the chain 
of custody is retrieved. If no chain of custody detailing the analyses to be 
performed is included, then a chain of custody document is prepared from 
referenced information, and if not available, the client is contacted to provide all 
information needed. Samples are then placed in either glass jars or plastic bags, 
as appropriate, and labeled as to proper analytical method.  


6.2 Sample Log-In 
Once the chain of custody has been completely filled out, samples are logged in 
in the internal sample management system. Identification of sample ID or origins, 
work to be completed, date or receipt and intended turn around time, as well as 
any special notes regarding analysis are included in this procedure. Once the 
sample has been incorporated into the system, it can be internally tracked using 
a job identifier number. Once established, this job identification number is applied 
to the sample containers, as well as any paperwork or client request documents. 
This single number is unique to the each client requested analysis, and is 
referenced in all deliverables and invoices from that point forward.  


6.3 Sample Archiving 


Many of the analysis performed at MicroVision Labs are non-destructive in 
nature. In cases where destructive analyses are performed, there is likely to be 
either no or little analyzed sample remnant. In cases where a subset of submitted 
sample material is analyzed but maintained, the prepared samples are 
maintained as prepared for thirty days after preparation. If a client specifies, a 
longer retention period can be maintained, if feasible. Bulk samples, not merely 
the prepared subset, are archived in bulk containers. These samples are 
retained for a minimum period of one year after receipt. If a client desires, 
unprepared sample materials can be returned to the client on request.  


6.4 Data Reporting 
Clients are generally asked to determine the nature of the deliverable they 
desire. Raw data can always be furnished, and is sometimes all that is needed 
by a client. If a report detailing the findings is desired, then it can be written to 
include data, or refer to data provided separately. All subsequent analytical 
transformation or comparison of data is done without impacting the original, 
untouched primary data.  
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7. Client Communication 
 
All data is primarily delivered to clients in the form of electronic deliverables. Raw data provided 
to clients is delivered as individual files transmitted through email or uploaded to our secure file 
share site for the client to download. Reports written on site for clients contain embedded files 
that represent the associated raw data, as well as descriptive information about the analysis 
performed on the client's behalf. An original copy of the report is maintained on site, and a hard, 
printed copy is always available for the client on request. Client emails are also maintained, and 
can be reproduced for the client on request. Any requests, concerns, or alterations to normal 
protocol initiated by the client are both archived in email or note form, and appended to the 
chain of custody and/or sample paperwork attached to the sample records.  
 
8. Document Control 
 
All internal management documents are maintained independently on MicroVision Laboratories' 
computer network. A hard copy of each document is also maintained in an allocated area in the 
laboratory. All revisions, edits, and additions to this document after initial release are separately 
indexed, and the iterative changes are separately. Original copies of the documents are noted 
separately.  
 
In the event that changes are made to client deliverables, literature, or other documents that are 
released outside of the laboratory, any changes are referenced by a note in the header of the 
document. The document file is also amended to indicate a revision issue, and a separate date 
is added. Both the original and any revised versions of these documents are maintained for 
review. 
 
9. Quality Control  


 
Quality and accuracy of analysis is maintained throughout the service offered by MicroVision 
Laboratories. The quality of our data and reporting is ensured by controlling mitigating factors 
wherever possible at each stage of analysis. These general methods are detailed in this 
section. 
 
9.1 Equipment Based Errors 


The equipment used by MicroVision Laboratories is generally self validating 
when used under normal operating conditions. Typical use of the instrumentation 
in the laboratory provides internal reference features in collected data that 
indicate where there might be issues with equipment that would impact data. 
Data generated is continually monitored. When any anomalies are detected, the 
data and equipment is scrutinized in order to remove any variables that might 
distort or contaminate data. Additionally, equipment is calibrated using 
registered, verified external standards as needed, or at a minimum quarterly, to 
maintain external calibration. Calibration is also performed more routinely for 
regular collection of quantitative data.  


9.2 Systemic Errors 
Most data is presented as either raw, qualitative data, or in reference to a 
comparative narrative report. However, some analyses are designed to produce 
quantitative data. In any case where additional, indirect or computed data is to be 
delivered to a client, systems designed to examine or transform the data is 
independently validated using known data sets prior to handling unknown or 
client data.  
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9.3 Human Error 


Analyst oversight and interpretation of direct data always offers a potential 
source of errors in data. In order to minimize the potential for these errors, all 
sample reports are examined by at least one other analyst before results are 
released to a client. Additionally, procedure for any new analysis is supervised 
and duplicated by another analyst and/or management officer before data is 
released or reported. Analysts are encouraged to cross check their findings with 
other analysts to ensure that proper interpretation of direct data is attained, and 
that there are no significant factors that might allow for alterations or 
contamination of data.   


 
 
 


10. Corrective Action 
 


In the event that internal quality assurance methods are insufficient, it is possible that data that 
is incorrect or does not accurately represent the metrics desired by the client might be released. 
Should this be brought to the attention of MicroVision Labs, the original samples will be re-
prepared where possible. Additional analysis of the samples will then be undertaken, with the 
instrumentation used in the analysis being re-calibrated where appropriate. Two analysts will 
oversee the re-analysis of the sample. Both the original issue with the reported data and the 
subsequent re-analysis will be overseen by the involved analysts, as well as a representative of 
management. A revision to the data or reporting will be documented, with the original copy 
maintained. The revision will be dated, and the discrepancies or findings clearly enumerated 
therein. Any procedural improvements or insights gained through this exercise will be 
communicated to the client, as well as documented and examined at quality improvement 
meetings. Any quality concern will not be considered resolved until both management and the 
impacted clients are completely satisfied that the issue has been resolved, both for that issue 
and for any potential subsequent analysis.  
 
11. Continuous Improvement 
 
This quality manual is designed as a guideline for the management of MicroVision Laboratories 
ongoing operations, and as a written statement of their commitment to quality in all aspects of 
client services. However, as operations proceed, unforeseen or evolving issues may come up 
that are not covered by the body of this document, or related client arrangements and standard 
operating procedures. Quality improvement is a serious area of interest for management. 
Meetings will be undertaken no less than quarterly to review any known issues and poll staff for 
areas where quality control and assurance measures could be included. Once addressed, any 
issues or ideas will be discussed and documented. Changes may be made by amending or 
changing SOP documents or the QA manual, as noted in the document control section.  
 
12. Uncertainty of Measurement  
 
The majority of analytical methods performed at MicroVision Labs are qualitative in nature. Most 
data and reporting produced by the laboratory represent a good faith presentation of materials 
and objects of direct observation, as well as observational narrative related to the analysis of 
these particles. Representation as to nature or source of particles is based wherever possible 
on published and available standards and direct comparison. Because the majority of data is 
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direct reporting of microscopic structures and composition, uncertainty is generally not 
applicable to these analyses as it is commonly applied to indirect, statistically based testing 
methodology is not applied.  Specific methodology requested by clients can often have semi-
quantitative or quantitative analytical objectives. Where this sort of analysis is determined to be 
applicable, method validation to determine the specifics of detection limits, method accuracy, 
matrix interferences, and reproducibility of results will be undertaken to the satisfaction of both 
the client and management, and this information will be documented in whatever SOP is 
required for that specific methodology.    


  
13. Quality Control Requirements 
 


All laboratory personnel are required to read the QA manual and sign intent of compliance with 
this document.   Annual refreshing QA training and reading of the QA manual is also required of 
all laboratory personnel.  All management personnel are required to keep a record not only of 
employee compliance with this policy, but of all concerns and corrective actions taken at the 
behest of staff or clients. This record is an additional and separate requirement to the corrective 
action and documentation procedures previously outlined.  
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Microscopic Analysis for Lead Paint Chips 
Reference: Methods for Evaluating Application of the Lead Paint Chips 


 


1. Scope and Application 
This method is used to determine, by use of a combination of analytical microscopy techniques, the 
presence of lead paint chips in soil samples.  A number of other materials such as ceramics, 
metallic/solder fragments and building materials can also be identified if present. 
 
Matrices: Soil 
Definitions:  
SEM: Scanning Electron Microscope if used as a noun or Scanning Electron Microscopy if used as 
an analysis.  The SEM is a powerful microscope which can image samples from 15X to over 
100,000X with exceptional resolution and depth of field providing useful surface morphological 
information. 


EDS: Energy Dispersive X-Ray Spectroscopy, also known as EDX.  The EDS is an elemental 
detector on the SEM which can detect the presence of elements from Carbon to Uranium with 
detection limits on the order of 0.1% to 1%.   


Stereomicroscopy: The examination of a sample through a stereomicroscope.  This is a low 
magnification analysis, typically between 5X and 50X, which allows for the quick assessment of a 
large number of particles. 


2. Summary of Method 
Samples are dried and examined by stereomicroscopy in order to isolate any white or colored 
particles suspected of being paint chips.  Any suspect particles detected are separated and grouped 
by sample and morphological type for further examination by SEM/EDS.  The SEM samples are then 
examined under the SEM for surface morphology and EDS spectra of all suspect particles and digital 
SEM images are recorded digitally.  The report documenting the results of this analysis is then 
compiled and printed out. 


3. Detection Limits 
This method does not allow for the accurate reporting of any detection limit information due to the 
nature of the sampling method and the analysis.  When possible qualitative references to the amount 
of any component detected will be made in the report (e.g. heavy, moderate or light loading) or the 
number of chips detected may be reported (e.g. three white chips were detected).  This is done in 
order to give the client a general understanding of how much of any one component was present in 
the sample. 


4. Safety 
The soil samples submitted may contain heavy metals, volatile organics, or other compounds that are 
unsafe to handle without gloves.  Therefore gloves must be worn throughout the analysis whenever it 
is necessary or likely that skin to sample contact may occur, especially during the initial sample 
inspection and the preparation phases. 


5. Equipment and Supplies 
EQUIPMENT – Olympus SZ40 Stereo Microscope; Meiji EMZ Stereo Microscope; Amray 1000 SEM; 


PGT ultra thin window EDS Quantum System 4000; Ernest Fullam Carbon Coater; 
Technics Hummer V Argon Plasma Gold Sputter Coater. 
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SUPPLIES – Drying Trays (10”x18”), SEM Aluminum sample stubs (1”), double sided carbon tape. 


6. Procedure 


6.1. Sample Login 
Each job submitted to MicroVision Laboratories, Inc. is logged in and given a job number for tracking 
purposes.  Samples must be labeled and accompanied by a chain of custody indicating what analysis 
is being requested.  Samples must be received in sealed containers, typically 8 or 16 ounce jars and 
do not need to be on ice.  Should any sample container be compromised or not labeled, the client 
contact will be notified as soon as possible. 
 
6.2. Preliminary Sample Inspection 
Each soil sample is spread out on a paper towel lined drying pan (~10”x18”) and allowed to air dry.  
At this point the color, texture and general appearance of each sample is noted.  Once a sample is 
dry it is examined macroscopically for any white or colored suspect particles that are not clearly 
mineral or biological.  If any of these particles are detected they are to be removed and placed in 
labeled containers such as aluminum weighing pans or zip lock bags by color within a sample.  The 
observations from 6.3-6.5 are recorded on a data sheet of paper for each sample.  
 
6.3. Stereomicroscopic Examination 
Each dry sample is then examined under the stereomicroscope while it is still spread out on the 
drying pan.  The gross morphology such as the color and grain size of the sample is noted.  Smaller 
sized suspect particles that are not typically seen by the naked eye are searched for during this 
examination.  Fine tipped tweezers are used to manipulate and remove any suspect particles 
detected, again separating them by color within a sample.   
 


6.4. SEM Preparation  
An SEM stub is prepared by placing doubled sided carbon tape on the top surface.  A representative 
of each color chip that is detected in the soil sample is then placed on the carbon tape in an 
organized manner.  A map of each stub and the placement of the suspect particles is then drawn.  
Once all the desired suspect particles are placed on the stub, the stub is then given a thin coating of 
evaporated graphite to improve conductivity and image quality during the SEM/EDS analysis.  
 
6.5. SEM/EDS Analysis 
The stub containing the carbon coated suspect particles is placed into the SEM.  Digital images of 
each suspect particle are taken and the chemical makeup of the particle is determined by obtaining 
spectra with an EDS system.  
 
6.6. Report Write-Up 
The Lead Paint Chip Report consists of the method, findings, and conclusions for the analysis.  
Suspect colored particles detected and confirmed by this microscopic analysis are clearly stated in 
the conclusion.  The details of the report are compiled by using the data sheet's information and the 
SEM/EDS images and spectral data.  A copy of the Chain of Custody is also attached to the report. 
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1. Scope and Application 
A Scanning Electron Microscope, SEM, is used to acquire semi three dimensional topographical 
images of a sample.  Depending on the type of information desired from the sample either secondary 
electrons or backscatter electrons are collected coming off of the sample.  Secondary electrons 
produce topographical images, while backscatter electrons provide excellent elemental density 
information of the sample.  


Matrices: Various 


Definitions: 
SEM: Scanning Electron Microscope if used as a noun or Scanning Electron Microscopy if used as 
an analysis.  The SEM is a powerful microscope which can image samples from 15X to over 
100,000X with exceptional resolution and depth of field providing useful surface morphological 
information. 


EDS: Energy Dispersive x-ray Spectroscopy, also known as EDX.  The EDS is an elemental detector 
on the SEM which can detect the presence of elements from Carbon to Uranium with detection limits 
on the order of 0.1% to 1%.   


2. Summary of Method 
A sample is mounted on an aluminum stub.  Samples must be electrically conductive otherwise they 
must be able to be coated with a conductive material.  Maximum sample size is typically less than 3 
inches in diameter. Large samples must be cut down to size.  Samples must be able to withstand 
vacuum pressures in the 10-6 torr range as well as a high energy electron beam.  Digital SEM 
images are then taken documenting the surface morphology of each particle examined.  A review of 
all data collected is then conducted.  


3. Detection Limits 
The SEM has an imaging range of 15X to over 100,000X magnification.  


4. Safety 
These submitted samples should not contain compounds that are unsafe to handle. 


5. Equipment and Supplies 
EQUIPMENT – Amray 1000 (LaB6 capable), Robinson BSE Detector, E.Fjeld Modular Plus Stage) 


w/ EDS (Bruker Spirit Microanalysis System and ImageMaster Digital Imaging System) 
Leo 435VP w/ X-Flash EDS Quantax SD Detector and Bruker Esprit Software, Ernest 
Fullam Carbon Coater, Technics Hummer V Argon Plasma Gold Sputter Coater 


 
SUPPLIES – SEM Aluminum sample stubs (1”), double sided carbon tape. 


6. Standards  
MicroVision Laboratories, Inc. has compiled a number of internal standards. 
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7. Procedure 


7.1. Sample Login 
Each job submitted to MicroVision Laboratories, Inc. is logged in and given a job number for tracking 
purposes.  Samples must be labeled (accompanied by a chain of custody if necessary) indicating 
what analysis is being requested. Should any sample container be compromised or not labeled, the 
client contact will be notified as soon as possible. 
 


7.2. SEM Preparation 
An SEM stub is prepared by placing doubled sided carbon tape on the top surface. Samples are 
placed on the carbon tape in an organized manner.  A map of each stub indicating the placement of 
the samples is then drawn.  Once all the desired samples are placed on the stub, the stub is then 
given a thin coating of conductive material improve conductivity and image quality during the SEM 
analysis.  
 
7.3. SEM/EDS Analysis 
The stub containing the conductively coated samples is placed into the SEM. Digital images are 
captured of the sample particles.  The images of the sample are compared to our in house standards 
to determine if they agree with specific particle types. 
 
7.4. Report Write-Up 
The SEM report consists of the method, findings, and conclusions of the analysis. The SEM particles 
are identified by observations and the results of SEM/EDS images and spectral data. A copy of the 
Chain of Custody is also attached to the report.  
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Polarized Light Microscope Analysis 
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1. Scope and Application 
This method is used to determine, by use of analytical microscopy techniques, the general particles 
in a sample. 
 
Matrices: Tape Lift, Vacuum Dust, Wipe  


Definitions:  
PLM: Polarized Light Microscope if used as a noun or Polarized Light Microscopy if used as an 
analysis.  The PLM provides optical and morphological information from the sample and typically 
operates at magnifications ranging from 40X to 400X. 


2. Summary of Method 
Samples are prepared for PLM analysis and examined to identify the particles present.  All optical 
and morphological data is recorded and digital PLM images are taken documenting average sample 
composition.  PLM percentages for specific categories are estimated where appropriate. 


3. Detection Limits 
This method does not allow for the accurate reporting of any detection limit information due to the 
nature of the sampling method and the analysis.  When possible, percentages of specific categories 
will be estimated by PLM.  This is done in order to give the client a general understanding of how 
much of any one component was present in the sample. 


4. Safety 
These submitted samples should not contain compounds that are unsafe to handle. 


5. Equipment and Supplies 
EQUIPMENT – Zeiss Axiotech Microscope w/ Sony imaging system, Olympus BH-2 Polarized Light 


Microscope w/ Clemex Digital Imaging System, Olympus BHB Polarized Light 
Microscope, Meiji EMZ Stereo Microscope, Olympus SZ-ST Stereo Microscope 


 
SUPPLIES – Cargille Immersion oil n=1.515, Corning cover glass, Corning glass slides (3”x1” 1mm 


thick) 


6. Standards  
MicroVision Laboratories, Inc. has compiled a number of internal standards covering the main 
particle types examined for in this analysis.  The data collected from these standards, as well as the 
data in our in house reference books (i.e. The Particle Atlas by McCrone/Delly), serve as our internal 
references and standards. 


7. Procedure 
7.1. Sample Login 
Each job submitted to MicroVision Laboratories, Inc. is logged in and given a job number for tracking 
purposes.  Samples must be labeled (accompanied by a chain of custody if necessary) indicating 
what analysis is being requested.  Should any sample container be compromised or not labeled, the 
client contact will be notified as soon as possible. 
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7.2. PLM Preparation  
A portion of a tape sample is cut and placed on a labeled glass slide, covered with a drop of 
immersion oil and a glass coverslip.  A portion of a dust sample is placed on a labeled glass slide, 
mixed with a drop of immersion oil and covered with a glass coverslip.  A wipe sample is dapped with 
clear adhesive tape to remove the particles and then the tape is cut and placed on a labeled glass 
slide, covered with a drop of immersion oil and a glass coverslip.  These samples are then ready for 
the PLM Analysis.   
 
7.3. PLM Analysis 
Digital images are taken using a PLM as documentation.  Optical characteristics are noted in order to 
aid in identifying these particle types and compared to our in house standards if needed. 
 
7.4. Report Write-Up 
The PLM Analysis Report consists of the method, findings, and conclusions for the analysis.  PLM 
particle category estimated percentages and the details of the report are compiled by observations 
and the PLM images.  A copy of the Chain of Custody is also attached to the report.  
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Reference: Methods for Evaluating Application of the Coal Ash and Wood Ash Exemption Under 
the Massachusetts Contingency Plan, October 19, 1999  


 


1. Scope and Application 


This method is used to determine, by use of a combination of analytical microscopy techniques, the 
presence of coal, coal ash, coal fly ash, slag or wood ash in soil samples.  A number of other look-a-
like materials such as asphalt, coal, tar, opaque mineral matter and metals can also be identified if 
present. 
 
Matrices: Soil 


Definitions:  


SEM: Scanning Electron Microscope if used as a noun or Scanning Electron Microscopy if used as 
an analysis.  The SEM is a powerful microscope which can image samples from 15X to over 
100,000X with exceptional resolution and depth of field providing useful surface morphological 
information. 


EDS: Energy Dispersive x-ray Spectroscopy, also known as EDX.  The EDS is an elemental detector 
on the SEM which can detect the presence of elements from Carbon to Uranium with detection limits 
on the order of 0.1% to 1%.   


PLM:  Polarized Light Microscope if used as a noun or Polarized Light Microscopy if used as an 
analysis.  The PLM provides optical and morphological information from the sample and typically 
operates at magnifications ranging from 40X to 400X. 


Stereomicroscopy:  The examination of a sample through a stereomicroscope.  This is a low 
magnification analysis, typically between 5X and 50X, which allows for the quick assessment of a 
large number of particles. 


2. Summary of Method 


Samples are dried and examined by stereomicroscopy in order to isolate any black particles 
suspected of being coal, coal ash or wood ash.  Any suspect particles detected are separated and 
grouped by sample and morphological type for further examination by PLM and SEM/EDS.  A portion 
of each of these sub-samples is then prepared for PLM and SEM/EDS examination.  The PLM 
samples are then examined under the PLM.  All optical and morphological data is recorded and 
digital PLM images are taken documenting each particle type detected.  The SEM samples are then 
examined under the SEM for surface morphology helpful in identifying the particle types.  EDS 
spectra of all suspect particle types are recorded digitally.  Digital SEM images are then taken 
documenting the surface morphology of each particle examined by EDS.  A review of all data 
collected for each particle type in each sample is then conducted to determine if they match our 
reference standards. Should a sample particle type be ambiguous or unidentifiable it is noted as 
such.  The report documenting the results of this analysis is then compiled and printed out. 


2.1. Method Modifications from Reference 


The method referenced in the paper titled “Methods for Evaluating Application of the Coal Ash and 
Wood Ash Exemption Under the Massachusetts Contingency Plan, October 19, 1999” suggests that 
the PLM, SEM and EDS analysis are optional and should be used only if “further validation is 
desired”.  It is the opinion and practice of MicroVision Laboratories, Inc. that in order to avoid false 
positives it is necessary to examine each sample by stereomicroscopy, PLM, SEM and EDS if any 
suspect particles are detected.  If no suspect particles are identified by stereomicroscopy then a 
minimum four (4) random areas of the sample must be examined by PLM. 
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3. Detection Limits 


This method does not allow for the accurate reporting of any detection limit information due to the 
nature of the sampling method and the analysis.  When possible qualitative references to the amount 
of any component detected will be made in the report (e.g. heavy, moderate or light loading) or the 
number of grains detected may be reported (e.g. three grains of coal were detected).  This is done in 
order to give the client a general understanding of how much of any one component was present in 
the sample. 


4. Safety 


The soil samples submitted may contain heavy metals, volatile organics, or other compounds that are 
unsafe to handle without gloves.  Therefore gloves must be worn throughout the analysis whenever it 
is necessary or likely that skin to sample contact may occur, especially during the initial sample 
inspection and the preparation phases.  Safety glass must also be worn during the PLM preparation if 
any grinding of grains is preformed with the mortar and pestle. 


5. Equipment and Supplies 


EQUIPMENT – Olympus SZ40 Stereo Microscope; Meiji EMZ Stereo Microscope; Olympus BHSP 
PLM, Amray 1000 SEM; PGT ultra thin window EDS Quantum System 4000; Ernest 
Fullam Carbon Coater; Technics Hummer V Argon Plasma Gold Sputter Coater 


 
SUPPLIES – Agate mortar and pestle; Cargille Immersion oil n=1.515; Corning cover glass; Corning 


glass slides (3”x1” 1mm thick); Drying Trays (10”x18”), SEM Aluminum sample stubs 
(1”), double sided carbon tape 


6. Standards  


MicroVision Laboratories, Inc. has compiled a number of internal standards covering the main 
particle types examined for in this analysis, as well as the typical look alike non-exempt materials.  
The data collected from these standards, as well as the data in our in house reference books (i.e. 
The Particle Atlas by McCrone/Delly), serve as our internal references and standards. 


7. Procedure 


7.1. Sample Login 


Each job submitted to MicroVision Laboratories, Inc. is logged in and given a job number for tracking 
purposes.  Samples must be labeled and accompanied by a chain of custody indicating what analysis 
is being requested.  Samples must be received in sealed containers, typically 8 or 16 ounce jars and 
do not need to be on ice.  Should any sample container be compromised or not labeled, the client 
contact will be notified as soon as possible.  
 


7.2. Preliminary Sample Inspection 


Each soil sample is spread out on a paper towel lined drying pan (~10”x18”) and allowed to air dry.  
At this point the color, texture and general appearance of each sample is noted.  Once a sample is 
dry it is examined macroscopically for any large particles of coal, coal ash, wood ash or any suspect 
particles (typically these would be black, white or rust colored) that are not clearly mineral or 
biological.  If any of these particles are detected they are to be removed and placed in labeled 
containers such as aluminum weighing pans or zip lock bags by morphological type with in a sample.  
The observations from 7.2-7.7 are recorded on one of our internal Coal Ash Worksheets for each 
sample.  
 


7.3. Stereomicroscopic Examination 
Each dry sample is then examined under the stereomicroscope while it is still spread out on the 
drying pan.  When dried aggregates of soil are encountered they are broken up so that any particles 
within can be examined.  The gross morphology such as the color and grain size of the sample is 
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noted.  Smaller sized suspect particles that are not typically seen by the naked eye are searched for 
during this examination.  Fine tipped tweezers are used to manipulate and remove any suspect 
particles detected, again separating them by morphological type within a sample.  When suspect 
particles are noted to be partly or completely coated in fine dust they are cleaned by rinsing them in 
water so that they can be better examined.  Magnets can be used to quickly search for any iron rich 
particles. 
 


7.4. PLM Preparation 


Each suspect particle is then ground with a motor and pestle.  The fine grains that are a result of the 
grinding are placed on a labeled glass slide.  These grains are covered with a drop of immersion oil 
and a glass coverslip.  The sample is then ready for the PLM Analysis.   
 


7.5. SEM Preparation 


An SEM stub is prepared by placing doubled sided carbon tape on the top surface.  Every type of 
suspect particle that is detected in the soil sample is then placed on the carbon tape in an organized 
manner.  A map of each stub and the placement of the suspect particles is then drawn.  Once all the 
desired suspect particles are placed on the stub, the stub is then given a thin coating of evaporated 
graphite to improve conductivity and image quality during the SEM/EDS analysis.  
 


7.6. PLM Analysis 
Digital images are taken using a PLM as documentation.  Optical characteristics are noted in order to 
aid in identifying these particle types and compared to our in house standards if needed. 
 


7.7. SEM/EDS Analysis 
The stub containing the carbon coated suspect particles is placed into the SEM.  Digital images of 
each suspect particle are taken and the chemical makeup of the particle is determined by obtaining 
spectra with an EDS system.  The images and EDS spectra of the suspect particles are compared to 
our in house standards to determine if they agree with specific particle types.   
 


7.8. Report Write-Up 
The Coal Ash Report consists of the method, findings, and conclusions for the analysis.  Suspect 
particle types detected and confirmed by this microscopic analysis are clearly stated in the 
conclusion.  The details of the report are compiled by using the Coal Ash work sheet's data and 
observations, the PLM images, and the SEM/EDS images and spectral data.  A copy of the Chain of 
Custody is also attached to the report. 
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OPERATING PROCEDURE: OP1008 
 
OPERATIONS OVER, NEAR, OR ON WATER  
 
 
1. PURPOSE 
 
 
To ensure that Haley & Aldrich, Inc. staff members are aware of safe operations when working over, near, or 
on water bodies that are applicable to worker safety and pollution prevention rules and regulations.  
 
1.1 Background 
 
Haley & Aldrich conducts work activities that require staff members to work on vessels or land-based 
activities over, near, or on water. Worker safety, equipment approval, and pollution prevention regulations for 
these operations must conform to a variety of Federal and State regulations depending on the water body, 
equipment used, and nature of the operation. This Haley & Aldrich procedure has been developed in 
accordance with certain Occupational Safety and Health Administration (OSHA) and United States Coast 
Guard (USCG) rules. 
 
Projects involving fieldwork near bodies of water must be evaluated by the Project Manager (PM), Local 
Health and Safety Coordinator (LHSC), and/or the Corporate Health and Safety Manager (CHSM) for 
potential hazards to employees.  
 
1.2 Application 
 
This procedure applies to Haley & Aldrich, Inc. (H&A) projects and activities while working over, near or on 
water. The information and requirements within this procedure apply to navigable and non-navigable 
waterways. The actual determination of whether or not a given project or activity will fall within the 
requirement of this procedure will be made by the Project Manager with the Local Health and Safety 
Coordinator providing assistance.  If there is a question about applicability, the Corporate Health and Safety 
Manager will determine applicability.  
 
 
2. EQUIPMENT & SUPPLIES 
 
 
� Head protection 
 
� Hearing protection 
 
� Eye and face protection 
 
� Chemical Resistant Clothing 
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� Respiratory protection 
 
� Safety harness, lifelines and lanyards 
 
� USCG approved lifejacket, personal flotation device (PFD) or buoyant work vest 
 
� A 30 – inch diameter ring buoy with 90 feet of line for emergency rescue operations. 
 
� At least one lifesaving skiff or boat immediately available for rescues.  
 
� For activities where personnel must board a vessel, an appropriate ramp, gangway, ladder or Jacobs 


ladder must be available. 
 
� Appropriate illumination for activities that will occur at night or in reduced visibility. OSHA requires 


a minimum of five foot-candles measured in the working area. 
 
� A first aid kit shall be available on site or on the vessel. 
 
� No hazardous material in bulk (> 55 U.S. gallons) shall be carried on board a vessel unless the vessel 


has been inspected and certified for that purpose by the USCG. 
 
� Appropriate fire fighting equipment shall be provided on any vessel. Work areas shall be marked with 


safety signs as required.  
 
� No plastics or other garbage shall be discharged overboard from any vessel. Any garbage that 


accumulates shall undergo proper disposal.  
 
Equipment must be kept in good working condition and worn properly at all times. 
 
 
3. PROCEDURE 
 
 
3.1 Project Evaluation  
 
Project Managers are responsible for insuring that his/her projects with activities over, near, or on water meets 
the minimum requirements discussed in this procedure. It is the responsibility of the PM to enlist the assistance 
of the LSHC if the contractor providing appropriate field services is not familiar with USCG or OSHA worker 
safety, equipment requirements, or pollution prevention responsibilities related to water safety.  
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3.2 General Requirements 
 
Haley & Aldrich projects that require staff members to work near or over bodies of water (over 3 ft. deep) 
must develop a site-specific health and safety plan (HASP), regardless of the type of work that is being 
performed. This includes geotechnical and environmental related work activities and, in particular, includes 
drilling and sampling work from boats, barges, and jack-up rigs. Health and Safety Plan templates can be 
obtained from the Health and Safety Homepage on the Company Intranet.   
 
When working on a vessel, such as a barge, Haley & Aldrich Staff Members must conduct a visual inspection 
of the vessel to determine whether the items listed below are present. In the event that an item listed is not 
present, contact the Project Manager and inform him/her that one is not available on the vessel. Project 
Managers are expected to communicate OSHA requirements to the responsible party and to ensure that our 
subcontractors, such as drillers, have a health and safety plan for their staff on the site.  
 
Staff Members shall never work alone when working on a vessel. One or more additional Haley & Aldrich 
staff member(s) or one or more contractor representative(s) shall be present at all times.   
 
It is the responsibility of the staff members on the site in consultation with the PM to determine whether the 
water and weather conditions are safe for work activities. Consideration shall be made based on water 
velocity, water temperature, degree of recreational and commercial use, adverse weather (wind, heavy rain, 
fog, snow, etc.), and unknown structures and hazards below the water.   
 
Vessels shall have the appropriate navigational equipment, emergency lights, and running lights.  
 
3.3 Reporting of an Oil or Chemical Spill 
 
In the event of an oil or chemical spill into U.S. waters, the entity that owns or operates the vessel  shall make 
a report immediately to the National Response Center (1-800-424-8802). The Incident Report Number shall be 
entered in the daily field log to forestall any subsequent questions about a failure to notify. 
 
In the event of a spill, immediate steps shall be taken to stop the source of the discharge and to clean up and 
mitigate environmental damages. Major spills are not in the scope of H&A work activities. Staff members 
must have advanced training and certification to respond to spills on the water.  
 
The PM shall be notified of spill or release incidents. In the event of any significant pollution incident, the PM 
shall notify the, LHSC, CHSM, and the Operational Leader from their business unit.  
 
3.4 Uninspected Vessel Operations 
 
If an uninspected vessel is used, the PM shall ensure that the vessel is suitable for its intended service prior to 
commencing field activities. The vessel shall be examined and made structurally sound by the contractor 
before commencing any work. If there are any questions regarding the vessels condition, a marine surveyor 
should be used identify deficiencies.   
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In the event a H&A staff member believes that the vessel is unsafe for use, he/she shall contact the PM 
immediately to discuss the situation and their concerns.   
 
3.5 Inspected Vessel Operations 
 
In a large number of cases, the type of work H&A performs will not require the use of an inspected vessel. If 
an inspected vessel is used for the field activities, the contractor providing the vessel shall be responsible for 
ensuring that the vessel has and maintains the appropriate vessel inspection certification. The contractor shall 
ensure that personnel operating the vessel have the appropriate licenses and certificates. The contractor shall 
provide the PM with an appropriate Oil Spill Prevention Certificate of Financial Responsibility prior to the 
commencement of field activities. 
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APPENDIX A  
REFERENCES  
 
 
� Occupational Health and Safety Regulations (OSHA) and United States Coast Guard (USCG) 


29 CFR 1926 Subpart C, General Safety and Health Provisions; 29 CFR 1926 Subpart E, Personal 
Protective Equipment; 29 CFR 1926.106, Working Over or Near Water; 33 CFR Part 151, Vessels 
Carrying Oil, Noxious Liquid Substances, Garbage, Municipal or Commercial Waste, and Ballast 
Water; 46 CFR Parts 25 and 26, Uninspected Vessels
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APPENDIX B  
RELATED HALEY & ALDRICH PROCEDURES 
 
 
� OP1009 Medical Surveillance Program 
� OP1010 Health and Safety Plans 
� OP1022 Health and Safety 
� OP2000 Monitoring Field Explorations 
 
 
 







   Operations Over Near or on Water (OP1008) 
     
 


� Haley & Aldrich, Inc. C1 of 1   
Version Date: May 2002 Version No.: 0.0 


 


APPENDIX C 
FORMS 
 
 
None required 
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APPENDIX D  
GLOSSARY  
 
 
� Inspected Vessels.  The US Coast Guard determines whether a vessel operating in the U.S. must be 


inspected by an evaluation of its intended service, the vessels length and the intended area of operation 
(ocean; lakes, bays or sounds; rivers, etc.).  If the contractor providing the vessel is unsure of the 
inspection status, the owner/operator of the vessel shall refer to 46 Code of Federal Regulations Table 
24.05-1(a). Questions should be directed to the local USCG Marine Safety Office.  


 
� Barge. Any water transportable vessel not equipped with means of self-propulsion. 
 
� Uninspected Vessels. All vessels indicated in Column 6 of 46 CFR Table 24.05-1(a).  
 
� Garbage Discharge - 33 CFR 151.67 prohibits the discharge of plastic or garbage mixed with plastic 


into the sea or the navigable waters of the United States. "Plastic" and "garbage" are defined in 33 
CFR 151.05. 


 
� National Response Center - The U.S. National Response System is the federal government's 


mechanism for emergency response to discharges of oil and releases of chemicals. The National 
Response Center is the communications hub of the National Response System. Its 24-hour phone 
number is (1-800-424-8802) 
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OPERATING PROCEDURE: 3029 
 
FIELD DATA RECORDING 
 
 
1. PURPOSE 
 
 
This procedure describes protocol for documenting standard investigation activities in the field. Field data 
recording for an environmental project provides site characterization information and supporting data for 
additional phases of investigation or remedial design activities. Recorded defensible field data includes proper 
and appropriate recording of field data as it is obtained in a manner that will preserve it for future use. This 
procedure provides guidelines for accurate, thorough collection and preservation of written and electronic field 
data. 
 
 
2. EQUIPMENT & SUPPLIES 
 
 


 5” by 7” National 407 Field Book, with high-grade 50% rag paper with water resistant surface, hard-
cover, or equivalent; 


 Appropriate field log forms; 
 Indelible pen (do not use “rollerball” or felt-tip style pens); 
 Straight edge; 
 Pocket calculator; 
 Laptop computer (if required). 


 
 
3. PROCEDURE 
 
 
Typical field data to be recorded generally includes, but is not limited to, the following: 
 


 general field observations; 
 numeric field measurements and instrument readings; 
 quantity estimates; 
 sample locations and corresponding sample numbers; 
 relevant comments and details pertaining to the samples collected; 
 documentation of activities, procedures and progress achieved; 
 contractor pay item quantities; such as number of borings, footage of pipe, number of samples 


collected, etc.; 
 weather conditions; 
 a listing of personnel involved in site-related activities; 
 a log of conversations, site meetings and other communications; and 
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 work plan deviations with pertinent information associated with the deviations. 
 
3.1 Written Field Data 
 
Written field data is generally recorded on one of two media: A standardized, preprinted field form, or a 
bound field log book. In general, use of standardized field forms is preferable as it prompts field personnel to 
record observations and data in a standardized format. This promotes completeness and consistency between 
field events and individuals. In the absence of a standardized pre-printed field form, the data should be 
recorded in an organized and structured manner in a dedicated project field logbook. Logbooks must be bound 
so that pages cannot be added or removed, and should be made from a high grade (50%) rag paper with a 
water-resistant surface.  
 
The following are guidelines for use of field forms and logbooks: 
 
1. Information must be factual, complete and without abbreviations. 
 
2. All entries must be written legibly in indelible ink. (Do not use “rollerball” or felt tip-style pens, since 


the water-soluble ink can run or smear in the presence of moisture.) 
 
3. All pages in a logbook and field forms must be consecutively numbered.  
 
4. Each day’s work must use a new log book page or field form. 
 
5. At the end of each day, the current logbook page and /or field form must be signed and dated by the 


field personnel making the entries. 
 
6. Make data entries immediately upon obtaining the data. Do not make temporary notes in other 


locations for later transfer to log forms or log books; this only increases the potential for error or loss 
of data. 


 
7. Data entry corrections must be crossed out with a single line, dated and initialed by the person making 


the correction. 
 
8. Do not leave blanks on log forms, if no entry is applicable for a given data field, indicate with a “NA” 


for not applicable. 
 
9. At the earliest practical time, photocopies of field forms and log book pages should be scanned and 


placed in the electronic project file as a backup in the event the book or forms are damaged. 
 
10. Logbooks should be dedicated to the project and the individual, (i.e. do not record data from multiple 


projects in one log book.) 
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3.2 Electronic Data 
 
Electronic data recording is widely used in environmental investigation and remediation projects. In general, it 
involves electronic measurement of field information through the use of monitoring instruments, sensors, 
gauges, and equipment controls. The following is a list of guidelines for proper recording and management of 
electronic field data: 
 
1. Use only instruments calibrated in accordance with manufacturer’s recommendations. 
 
2. Usage of instruments, controls and computers for the purpose of obtaining field data should only be 


performed by personnel properly trained and experienced in the use of the equipment and software. 
 
3. Use only fully licensed software on PCs and laptops. (Software piracy, even if unintentional, is a 


felony and exposes the client, its contractors, and their employees to severe criminal and financial 
penalties.) 


 
 
4. Every effort should be made to back up electronic files obtained in the field as soon as practical. A 


backup file will be placed on a computer disk and kept in a separate location from the original to 
minimize the potential for loss of critical project information. 


 
5. Electronic files, once transferred from field instruments or laptops to office computers, should be 


protected if possible to prevent unwanted or inadvertent manipulation or modification of data. Several 
levels of protection are usually available for spreadsheets, including making a file “read-only” or 
assigning a password to access the file. 


 
6. Protect floppy disks from exposure to moisture, excessive heat or cold, magnetic fields, or other 


potentially damaging conditions. 
 
7. Remote monitoring is often used to obtain stored electronic data from site environmental systems. A 


thorough discussion of this type of electronic field data recording is beyond the scope of this SOP. 
Users must remotely access the monitoring equipment files via modem or other access, and download 
the data. In order to minimize the potential for loss of data, access and downloading of data should be 
performed frequently enough to insure the data storage capacity of the remote equipment is not 
exceeded. 
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OPERATING PROCEDURE 3030 
 
FIELD INSTRUMENTS – USE AND CALIBRATION 
 
 
1. PURPOSE 
 
 
A significant number of field activities involve usage of electronic instruments to monitor environmental 
conditions and for health and safety purposes.  It is imperative the instruments are used and maintained 
properly to obtain accurate data and to insure safe working conditions. 
 
This OP provides guidance on the usage, maintenance and calibration of electronic field equipment, owned 
by the Contractor, or obtained from an equipment rental agency. 
 
 
2. PROCEDURE 
 
 


 All monitoring equipment will be in proper working order, and operated in accordance with the 
manufacturer’s recommendations. 


 
 A copy of the Operating Instructions, Maintenance and Service manual for each instrument used on a 


project will be kept on site at all times. 
 


 Instruments will be operated only by personnel trained in the proper usage and calibration.  In the 
event certification of training is required, personnel will have documentation of such certification with 
them on site at all times. 


 
 Field personnel will be responsible for insuring the equipment is maintained in the field, or returned 


for office or manufacturer maintenance or calibration if warranted. Calibration is discussed in greater 
detail below. 


 
 Instruments will be operated within the range of conditions such as temperature and humidity specified 


by the manufacturer unless authorized by the Project Manager and/or Health and Safety supervisor as 
appropriate. 


 
 Instruments that contain radioactive source material, such as x-ray fluorescence analyzers or moisture-


density gauges require specific transportation, handling and usage procedures that are generally 
associated with a license from the Nuclear Regulatory Commission (NRC) or an NRC-Agreement 
State.  Under no circumstance will operation of such instruments be allowed on site unless by properly 
authorized and trained personnel, using the proper personal dosimetry badges or monitoring 
instruments. 
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2.1 Calibration 
 
Calibration of an electronic instrument is critical to insure it is operating properly for its intended use.  Such 
instruments are often sensitive to changes in temperature or humidity, or chemical vapors in the working 
atmosphere. 
 
Calibration of instruments shall be performed in accordance with the manufacturer’s recommendations.  This 
includes the following parameters: 
 


 Frequency 
 Use of proper Calibration Gases or Chemical Standards 
 Requirements for Factory Calibration 


 
2.1.1 Calibration Gas Safety 
 


Several instruments such as photo-ionization detectors (PID), flame ionization detectors (FID), oxygen 
meters, explosimeters, and combustible gas indicators require the use of calibration gas contained in 
compressed gas cylinders.  Many of these gases are combustible or explosive.  Care shall be taken to 
minimize the potential for injury from the use of such compressed gases.  Transport, handling and 
storage of cylinders, where necessary, shall be performed in accordance with applicable DOT 
regulations and site requirements. 
 
Calibration will only be performed in areas free of sources of spark, flame or excessive heat.  
Smoking will not be allowed in the vicinity of calibration gas usage areas. 


 
2.1.2 Documentation of Calibration 
 


Instrument Calibration activities will be documented on the Instrument Calibration Form. 
 
2.2 Intrinsically Safe Requirements 
 
Certain work locations may be such that dangerous, ignitable or explosive conditions exist. In such cases, it 
may be necessary to utilize only equipment that is rated as “Intrinsically Safe.”  Intrinsically safe 
instrumentation is designed with limited electrical and thermal energy levels to eliminate the potential for 
ignition of hazardous mixtures. 
 
For site work requiring operation of monitoring instruments in Class I, Division I locations (as defined by the 
National Fire Protection Agency (NFPA)) only instrumentation rated as Intrinsically Safe will be used. Such 
equipment (including all accessories and ancillary equipment) must be rated to conform to Underwriter’s 
Laboratories (UL) Standard 913, for use in a Class I, Division 1 Groups A, B, C, and D locations. It is also 
recommended the equipment conform with CSA Standard 22.2, No. 157-92. 
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 Upon completion of the field activities, equipment shall be returned to the possession of the 
Consultant, Contractor or Rental Agency accompanied by a written summary of any problems 
encountered with its use or calibration. 


 
 Equipment shall be properly prepared for shipping, including insuring that residual gases (if 


applicable) are removed from the instrument, and accompanying containers of compressed gases or 
fluids are properly labeled and sealed. 
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APPENDIX A  
REFERENCES  
 
 
1. Underwriter’s Laboratories, Inc. (http://www.ul.com/hazloc/define.htm) Standard UL 913. 
 
2. National Fire Protection Agency (http://www.nfpa.org/index.html) 
 
3. Canadian Standards Association (CSA) (http://www.csa.ca) Standard 22.2 No.157 



http://www.nfpa.org/index.html
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Haley & Aldrich categorizes Operating Procedures by Levels, to facilitate their preparation and use. The 
Levels are defined as follows:  
  
Level III - miscellaneous procedure from a variety of sources; not sanctioned as appropriate for any particular 
use by the company but provided on the Intranet as a potential resource when current company operating 
procedure is not available; ( e.g., project-specific procedure submitted by staff member, old procedures, 
ASTM procedures, etc.)  
  
Level II - in-progress or draft procedure, typically written in the standard format; in various stages of review; 
has not yet been sanctioned an official operating procedure but could be suitable for project-specific 
application upon verification by project staff 
 
Level I - company sanctioned operating procedure suitable for use on projects 
 
The company encourages and welcomes feedback regarding its Operating Procedures.  If staff members have 
recommendations related to the use or improvement of any procedures, or suggestions for developing new 
procedures, please contact the Boston Office Field Services Manager or a Service Delivery Leader. 
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OPERATING PROCEDURE OP3004 
 
SEDIMENT AND WETLAND SEDIMENT/SOIL SAMPLING 
 
 
1. PURPOSE 
 
 
The purpose of this Operating Procedure (OP) is to describe the procedures for the collection of representative 
sediment and wetland soils samples.  Sediment and wetland sediment/soil as referenced herein mean deposited 
sediment or soil-like material below both flowing and standing surface water.  Wetlands are lands transitional 
between terrestrial and aquatic systems where the water table is typically at or near the surface, or the land is 
covered by shallow water.  Wetland sediment/soils exhibit features characteristic of the wetland conditions of 
saturation, flooding, or ponding, which must occur long enough during the growing season to develop 
anaerobic and reducing conditions in the upper horizons of the soils.  Hydric soil indicators are currently 
termed “redoximorphic” features of the soils, a term used to replace descriptions of “soil mottling” due to 
wetness.  Wetland sediment/soils include organic and mineral soils ranging from poorly drained to well 
drained. 
 
Sediment and wetland sediment/soil samples may contain contaminants that are insoluble in water, persistent in 
the environment, relatively immobile in the soil, and/or exhibit low volatility.  Accordingly, the procedures 
are intended specifically to minimize the alteration of samples.  
  
Haley & Aldrich (H&A) personnel are to use the techniques in this OP to collect sediment and wetland 
sediment/soil samples.  These operating procedures may be varied or changed in the field as required, 
depending upon site conditions, equipment limitations, or limitations imposed by the procedure.  In all 
instances, the actual procedures used should be documented and described in an appropriate site report. 
 
The general procedures for collecting sediment samples are outlined below.  All work will be performed in 
accordance with the Site-Specific Health and Safety Plan (HASP).      
 
 
2. EQUIPMENT & SUPPLIES 
 
 
Required: 


 
 Project specific Health and Safety Plan (HASP) 
 Project specific notes, plans, figures, reports, etc., including Work Plan (WP), Field Sampling 


Plan (FSP), Quality Assurance Project Plan (QAPP), or other applicable project  planning 
document 


 Personal protection equipment (PPE) and applicable safety equipment (see site-specific HASP) 
 Field book, field data forms and sampling sheets with writing utensils  
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 Tape measure  
 Appropriate sampler and associated equipment 
 Digital camera (with extra batteries) 
 Stainless steel, plastic, or other appropriate composition bucket, bowl or pan 
 Appropriate environmental sample containers  
 Appropriate transport containers and packing (chain of custody, custody seals); labeling, and 


shipping materials (coolers, bags) with ice; 
 Plastic Zip-lock® bags 
 Decontamination supplies/equipment 


 
Sampling equipment may include one or more of the following: 
 


 Stainless steel spade or shovel 
 Stainless steel trowel(s) or scoop(s) 
 Bucket auger with thin-wall tube attachment (stainless steel) 
 Bit auger with thin-wall tube attachment (stainless steel) 
 Thin-wall tube sampler 
 Split-spoon sampler 
 Gravity corer 
 Ponar grab sampler  
 Ekman dredge  
 Lexan® tubes 
 Peristaltic pump 
 Russian peat corer 
 Piston corer 


 
Optional: 
 


 Digital camera and batteries 
 Survey equipment, compass or global positioning system (GPS) to locate sampling points 
 Survey stakes w/ hammer, flags or buoys and anchors 
 Nylon rope 
 Plastic sheeting or tarp 


 
 
3. PROCEDURE 
 
Prior to entering the field there are several activities that should be conducted, including; 1) obtaining and 
reviewing a copy of the project-specific Sampling or Work Plan, Health & Safety Plan or other applicable 
project documents, 2) obtaining and reviewing previous sediment sample data information (if available), 3) 
locating a site map denoting locations to be sampled, 4) coordinating site access.  Please refer to OP 2000 
Monitoring Field Explorations for additional field monitoring details.  
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3.1 Preparation 
 
1. Prepare schedules and coordinate staff, client and regulatory agencies, if appropriate. 


 
2. Determine the extent of the sampling effort, the sampling methods to be employed, and the types and 


amounts of equipment and supplies required. Sample locations and analyses will be selected with 
respect to specific site conditions in the project specific documents and requirements.  Based on the 
selection of sample analyses, appropriate sample containers, preservatives, and holding times should 
be stipulated in the in the project specific documents and requirements.   
 


3. Contact the laboratory and order the appropriate number and types of sample jars; include extra jars in 
case of breakage or mislabeling in the field.  Sample glassware should be prelabelled by the lab prior 
to sampling; if using blank labels, use indelible ink (black Sharpie) to write sample IDs before the 
sample is taken (once the label is wet, a Sharpie will not work).   
 


4. Obtain the necessary sampling and monitoring equipment. Decontaminate or pre-clean equipment, and 
ensure equipment is in working order. Refer to OP3027 Decontamination Procedure for additional 
details. 
 


5. Obtain and don appropriate health and safety equipment, as required by the HASP and health and 
safety-related OPs. 
 


6. Perform a general site survey prior to site entry in accordance with the site-specific HASP.  If 
conducting a preliminary site reconnaissance, ensure any private property rights are not violated.  
Ensure site entry/access is the most optimal and is safe. Identify sampling location in field notebook 
along with other appropriate information (as described above). 


 
7. Identify sampling location in field notebook along with other appropriate information (as described 


above). 
 


During the first site reconnaissance, use stakes, flagging, or buoys to identify and mark all sampling locations 
within wetlands.  Verify and/or document locations using calibrated GPS unit.  Use GPS to locate sediment 
stations and deploy anchor(s) alongside or downstream of intended sampling locations.  Occupy river stations 
in an upstream sequence whenever possible.  All wetland staked locations and in-water sampling areas should 
be utility-cleared by the property owner or the On-Scene-Coordinator prior to sampling.  Utility clearance 
should always be confirmed prior to beginning work.  Additional guidance is provided in OP1020 Work Near 
Utilities. 
 
3.2 Pre-sampling Observations, Notes and Required Entries 
 
Field measurements and observations should be recorded in the field at the time of sampling. A Sampling 
Record Form is included as Appendix C.  Typically required information is listed below and will be recorded 
in a project Field Log Book or Sampling Record Form, whichever is more appropriate:    
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 Sample location number (ID) 
 Date collected 
 Time collected 
 Samplers (names of individuals who actually collected the sample) 
 Sample destination (Analytical laboratory) to receive samples 
 Description of sample location with sketch or map (i.e. sludge lagoon, stream, wetland, etc.) 
 GPS coordinates of sampled locations (often logged electronically on GPS unit) 
 Sample depth (i.e. distance in feet from ground surface) 
 Depth of water above sample (distance in feet from top of water surface to top of sediment ) 
 Number of Samples/Volume collected 
 Indicate photograph number and roll used (if applicable) 
 Observable physical characteristics Observable physical characteristics - odor, color, texture, layers, 


precipitates, proximity to erosional/depositional features 
 Evidence of stressed vegetation, wildlife, or waste disposal 
 Ambient weather conditions during sampling - air temperature, sky condition, recent precipitation or 


drought 
 Description of the sample location, including approximate dimensions of stream or waterbody at 


Sampling Point (measured after sampling) 
 


All entries will be made as described in Haley & Aldrich Operating Procedure OP3029- Field Data Recording. 
Please refer to OP2000 – Monitoring Field Explorations for additional details. 
 
3.3 Sampling Procedures 
 
 After all entries are completed, label and number required sample bottles.  Fill out label in indelible 


ink (black Sharpie) and carefully and clearly address all categories and parameters. 
 
 Sampling instructions have been provided for various optional sampling devices which may be used to 


collect sediment and wetland sediment/soil samples.  Select the prescribed sampling device, or an 
appropriate alternative to meet project objectives.  Any change in sampling device should be cleared 
first with an authorized project team member.   


 
 Decontaminate sampling device and/or container immediately prior to and following use according to 


OP3027 Decontamination Procedure. 
 
 When collecting sediment samples that may consist of very soft, high water content or flocculent-like 


sediment (e.g. lacustrine setting, low energy environments), efforts should be made to minimize 
disturbance during sampling. Appropriate measures should also be taken during sub-sampling (e.g., 
keeping sampler upright, carefully draining overlying water by drilling small holes in the coring tubes 
at the top of the cohesive sediment layer) to minimize loss and/or disturbance of “flocculent” fine-
grained particles.)  
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 Sub-sampled sediment samples must be homogenized or, when called for, composited and 
homogenized, before placing in containers.  Homogenization is appropriate for most chemical 
analytical parameters, including but not limited to: metals, pesticides/PCBs, herbicides, semi-volatile 
organic compounds (SVOCs).  However, samples for volatile organic compounds (VOCs) should not 
be homogenized prior to adding to VOC sample containers.  Samples for VOCs typically require 
special sampling devices (e.g. blunt syringes) provided by the laboratory, including special 
preservatives (e.g. methanol).   


 
 Because sediment samples may be stored frozen to extend holding time, sample containers should be 


filled approximately two-thirds to three-quarters of their capacity, depending on their water content.  
For high-moisture sediments, jars should be filled no more than two-thirds full.  Specific instructions 
should be provided by the analytical laboratory for VOC samples.  Refer to a project WP, FSP, or 
QAPP for required sample volumes and appropriate containers for given analyses.  All container caps 
will include an inner Teflon septa or lining and must be tightly secured.   


 Check for appropriate liner in cap and secure cap tightly.  Store the samples with ice in a cooler, 
following these sealing and packing instructions: 
– Ice will be placed in plastic Zip-lock® bags to contain ice and water.  Sample containers will 


be adequately wrapped or layered in bubble wrap to prevent breakage.  Samples will be 
positioned upright in the cooler to prevent breakage, and stored and shipped at 4oC. 


– All VOC vials will be sealed in a thick or heavy duty plastic zip-lock bag, bubble wrap, or 
foam VOC vial holders provided by the laboratory. 


– Check to make sure all appropriate information is in the Field Log Book or the Sampling 
Record Form and Chain-of-Custody document using indelible ink.  Chain-of-Custody forms 
require a ballpoint pen as they are triplicate copy forms.   


– If samples are to be shipped to a laboratory for analysis, a Chain-of-Custody record, custody 
seals, “Fragile” markers, and reinforced nylon tape will all be properly affixed to or on the 
sample cooler.  If samples are to be delivered to the lab by courier, only the Chain-of-Custody 
record is required. 


 
 Chain-of-Custody Record – enclose in a large zip-lock bag and tape to the inside of the 


cooler lid. 
 
 Custody Seals – place custody seal over the gap separating the cooler lid from the cooler 


(but not at the hinge location).  May need clear tape to keep seal in place. 
 


 Nylon Tape – tape completely around cooler at two locations.  Tape reinforcement will 
prevent cooler from opening if the lid locking mechanism fails. 


 
 Fragile Markers – fragile markers and upright stickers will be affixed to each side of the 


cooler. 
 


Please refer to Haley & Aldrich Operating Procedure OP3001 Preservation and Shipment of 
Environmental Samples for additional procedures related to sample naming, preservation, labeling, 
handling, and shipping information. 
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3.4 Sampling Device Instructions 
 
The sampling devices presented below may be used to collect sediment and wetland sediment/soil samples 
within several feet of the ground surface.  The specific procedures and equipment for sediment and wetland 
sediment/soil sampling may be specified in the project WP, FSP, QAPP or related document.  The most 
appropriate device for a specific sampling program may  be based on the depth of water at a sampling 
location, the physical characteristics of the sediment to be sampled,  and/or site conditions (accessibility, type 
of soil or sediment, desired depth of samples, etc.).  
 
3.4.1 Trowels, Hand Scoops, Spades & Shovels 
 


This method is probably the simplest, most expeditious, direct method for sampling accessible 
sediment.  These devices are easy to operate, decontaminate, and work well for sampling low-
moisture, exposed (e.g., intertidal or wetland surface) locations.   Stainless steel or rigid non-
contaminating plastic are the preferred material for these tools.   


 
Surface material is sampled to the specified depth using a stainless steel or plastic scoop, trowel, spade 
or shovel.  In wetlands, vegetation may or may not be considered part of the sediment/soil sample; any 
such distinction must be discussed and cleared with an authorized project team leader, unless addressed 
in the project WP, FSP, or QAPP.   For the purpose of this method, surface sediment or wetland 
sediment/soil is considered to range from 0 to 6 inches in depth and a shallow aqueous layer is 
considered to range from 0 to 12 inches in depth.  Scoops or trowels can be disruptive to the 
liquid/sediment interface and may cause substantial alteration of the sample.  Thus, these methods are 
limited in application to bulk surface “grab” sampling.   


 
Procedures for Use 


 
1. Carefully remove the top layer of vegetation/debris to the desired sample depth with a cleaned, 


stainless steel spade, shovel, trowel or scoop.  In the case of sludges exposed to air, it may be 
desirable to remove the first 1-2 centimeters of material prior to collecting the sample.   


 
2. Using a cleaned, stainless steel scoop or trowel, collect the desired quantity of sediment. 


 
3. If compositing a series of grab samples, use a disposable aluminum pan, plastic bin or a 


properly decontaminated stainless steel mixing bowl or Teflon tray for mixing.  Consider what 
contaminants could be inadvertently introduced depending on the tray composition (e.g. 
phthalates if using plastic trays and the laboratory suite calls for organic compounds). 


 
4. Surface water should be decanted from the sample or the composition mixing bowl prior to 


sealing or transfer to the sample container.  Care should be taken to retain the fine sediment 
fraction during this procedure. 
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5. If volatile organic analysis is to be performed, transfer the sample directly into an appropriate, 
labeled sample container with a laboratory-supplied  cut-off syringe or Encore® sampler.  
Place the remainder of the sample into a stainless steel, plastic, or other appropriate 
compositing container, and mix thoroughly to obtain a homogenous sample representative of 
the entire sampling interval.  Then, place the sample into the appropriate labeled containers. 


 
6. Check that a Teflon liner is present in cap if required.  Secure cap tightly.   


 
7. The chemical preservation of solids is generally not recommended, except in the case of VOC 


samples.  Refrigeration is usually the best approach for solid samples supplemented by 
minimal holding time.  Sediment samples may be stored frozen to extend holding times up to 
one year for most analyses.  Refer to the project specific documentation and OP3001 
Preservation and Shipment of Environmental Samples for additional procedures related to 
sample preservation information. 


 
3.4.2 Bucket and Bit Augers with Thin-Wall Tube Attachment 
 


This method should only be attempted on very consolidated sediment absent overlying surface water, 
such as within an intertidal zone during low tide, or for wetland sediment/soil.  Collection of a sub-
surface sediment or wetland sediment/soil sample can be accomplished with a system consisting of a 
bucket or bit auger, a series of extensions, a “T” handle, and a thin wall tube attachment (Figure 1).  
The use of additional extensions in conjunction with a bucket auger can increase the sampling depth 
from which sediment can be collected.   


 
A cleaned bucket or bit auger is used to bore a hole to the desired sample depth and then is withdrawn.  
When using a bucket auger, the soil sample must be removed from the bucket with a cleaned, stainless 
steel spoon or trowel.  The bucket auger can collect a large sediment sample (up to 24 ounces) but is 
limited in penetrating depth to approximately two feet under ideal conditions.  The bit auger has a 
greater penetrating depth (up to six feet) but collects a lesser volume of sediment.  The bit auger tip is 
removed from the auger when the desired sampling depth is reached and replaced with the thin wall 
tube attachment.  The system is then lowered back into the cored hole and driven into the sediment at 
the completion depth.  The corer is then withdrawn and the sample collected from the thin wall tube 
sampler.  The various depths represented by the core are homogenized for the appropriate depth.  This 
equipment can be used in a wide variety of sediment and wetland sediment/soil conditions.  This 
equipment is inexpensive, easy to operate, and generally works well to sample most sediments. 


 
Procedures for Use 


 
1. Attach the cleaned auger head to the required length of extensions, then attach the “T” handle 


to the upper extension.   
 


2. Clear the area to be sampled of any surface debris (dead vegetation, twigs, rocks, litter).  It 
may be advisable or necessary to remove the first 8 to 15 cm of surface sediment for an area 
approximately 15 cm in radius around the sampling location. 
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3. Insert the bucket auger or bit auger into the sediment at a 0o to 20o angle from vertical.  This 


orientation minimizes spillage of the sampler upon extraction from the sediment. 
 


4. Begin drilling by rotation of the “T” handle, to cut a core of sediment.  If desired sample 
location is at a depth, periodically remove accumulated sediment in the auger and place on a 
plastic sheet spread near the hole.  This prevents accidentally brushing loose material back 
down the borehole when removing the auger or adding extensions.  It also facilitates refilling 
the hole, and avoids possible contamination of the surrounding area. 


 
5. After reaching the desired depth, slowly and carefully remove auger from boring. 


 
6. If a bucket auger is being used, remove soil sample with cleaned, stainless steel spoon or 


trowel.   
 


7. If a bit auger is being used, remove auger tip from the extension rods and replace with cleaned 
thin wall tube sampler.  Install proper cutting tip. 


 
8. Carefully lower the tube sampler down the borehole.  Gradually press the tube sampler into 


the sediment.  Take care to avoid scraping the borehole side.  Avoid hammering the drill rods 
to facilitate coring, as the vibrations may cause the boring walls to collapse. 


 
9. Remove the tube sampler and the unscrew drill rods.   


 
10. Remove the cutting tip and remove the core from the device. 


 
11. Discard the top of the core (approximately 1 inch), as this represents material collected before 


penetration of the layer of concern.  Transfer the remaining sample or a specified aliquot of 
sample into an appropriate sample container.   


 
12. If VOC analysis is to be performed, transfer the sample into an appropriate, labeled container 


with a stainless steel spoon, wooden tongue depressor or equivalent, and secure the cap 
tightly. 


 
13. If another sample is to be collected in the same hole, but at a greater depth, reattach the auger 


bit to the drill and assembly, and repeat previous steps, making sure to decontaminate the 
auger and tube sampler between samples. 


 
14. Abandon the hole according to applicable state regulations.  Generally, shallow holes can 


simply be backfilled with the removed sediment or wetland soil material. 
 
3.4.3 Hand Held Corer 
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This device consists of a “T” handle and cylindrical core tube (Figure 2).  The device is equipped with 
a check valve at the top to prevent washout during retrieval through overlying water, if applicable, and 
a nosepiece at the bottom to help contain the sample.  This device can be used in a wide variety of 
sediment conditions.  Hand corers can also be fitted with brass or polycarbonate plastic liners.   


 
Procedures of Use 


 
1. Lower the corer through the water column to the top of sediment; push the corer manually 


through the sediment to the desired depth, or refusal with a smooth, continuous motion. 
 


2. Twist the corer, and then withdraw the corer in a single smooth motion. 
 


3. Remove the nosepiece and withdraw the sample into a stainless steel, plastic or other 
appropriate homogenization container. 


 
4. Transfer the sample into an appropriate sample container with a stainless steel spoon, wooden 


tongue depressor or equivalent. 
 
3.4.4 Gravity Corer (with Stabilizing Fins) 
 


This method consists of a cylindrical metal tube with a detachable tapered nosepiece on the bottom and 
a ball or check valve located on the top.  The device may have stabilizing fins to maintain vertical 
positioning as the device is moving through the water column.  The tapered nosepiece facilitates 
cutting and reduces core disturbances during penetration.  Gravity corers are capable of collecting 
benthic sediment samples ranging from 15 to 30 inches depending upon the density of the sampled 
material and weight of the device.  This device works well to collect sediment samples in a marine 
environment or from a low velocity stream, pond or river.  Some gravity corers have attachable 
weights and may accept plastic or brass liners.  


 
Procedures for Use 


 
1. Attach a pre-cleaned  corer to the required length of a sample line.  Solid braided 5-millimeter 


(3/16 inch) nylon line is sufficient; 20-millimeter (3/4 inch) nylon, however, is easier to grasp 
during hand hoisting. 


 
2. Secure the free end of the line to a fixed support on the vessel to prevent accidental loss of the 


corer.  
 


3. Lower the corer through the water column to the top of sediment; push the corer manually 
through the sediment to the desired depth, or refusal. 


 
4. Retrieve the corer slowly using a smooth, continuous lifting motion.  Do not bump the corer 


as this may result in some sample loss. 
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5. Remove the nosepiece from the corer and slide the sample out of the corer into a stainless 
steel, plastic or other appropriate homogenization container.  For vertical sub-sampling, the 
core tube may be cut along its entire length and opened to facilitate observation of lithology. 


 
6. When subsampling for homogenization and chemical analysis, scrape the outer layer of 


sediment in contact with the core tube prior to homogenizing.  This outer layer may be used 
for grain size analysis, which is not compromised by cross-contamination.   


 
7. Transfer the homogenized sample into an appropriate sample jar with a stainless steel spoon, 


wooden tongue depressor or equivalent. 
 
3.4.5 Petite Ponar Grab Sampler 
 


Collection of surface sediment can be accomplished with a system consisting of a remotely activated 
Petite Ponar Grab or Petite Ponar Dredge (Figure 3) and a deployment system.  The Petite Ponar Grab 
is a weighted, clamshell-type grab sampling device with levered jaws that are activated by the release 
of a stainless steel dowel equipped with a spring.  This technique consists of 1) manually opening the 
sampler 2) latching the stainless steel dowel in place which is held in place by 3) lifting the Ponar 
assembly and then 4) slowly lowering the grab sampler through the water column to the surface of the 
sediment using of nylon rope or extended handle.  When the tension in the rope is released, the 
stainless steel dowel is ejected by the spring.  The lifting action applied to rope or cable pulls on the 
lever arms of the grab sampler, which gently closes the jaws of the clamshell device.  When the jaws 
are fully closed, the sediment is held within the device; stainless steel screen doors on the top of the 
device allow overlying water to remain on the sediment sample, keeping the surface intact.   


 
This device is used to collect consolidated fine- to coarse-textured sediment.  The Petite Ponar sampler 
is only capable of collecting a shallow surface sediment sample (~ 4 inches). 


 
Procedures for Use 


 
1. Attach a sturdy nylon rope or steel cable to the ring provided on top of the pre-cleaned Petite 


Ponar Grab sampler.  Solid braided 5-millimeter (3/16 inch) nylon line is sufficient; 20-
millimeter (3/4 inch) nylon, however, is easier to grasp during hand hoisting.  The sample is 
heavy so a fool proof knot, such as a bowline, should be tied if the operator is not using 
hardware fasteners. 


 
2. Measure and mark the distance to the sediment surface on the sample line.  A secondary mark, 


slightly shallower will indicate proximity, so that the lowering rate can be reduced, this 
preventing unnecessary bottom disturbance. 


 
3. Tie the free end of the sample line to a fixed point to prevent accidental loss of sampler. 


 
4. Arrange the Ponar sampler with the jaws latched in the open position, setting the stainless steel 


dowel into the lever arms so the sampler remains open when lifted from the top.  If the 
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sampler is so equipped, place the spring loaded pin into the aligned holes in the lever arms.  
From this point on, support the sampler only by the lift line or the sampler will be tripped and 
the jaws will snap closed. 


 
5. Begin lowering the sampler until the proximity mark is reached, or to a point approximately 2 


inches above the sediment. 
 


6. Drop the sampler onto the sediment.  Slack on the line (several centimeters) should release the 
spring loaded pin; a slight ‘tug’ on the line will ensure the stainless steel pin is ejected.  In 
strong currents more slack may be necessary to release mechanism.  Pull the line up quickly 
but smoothly on the line, which will close the sampler.  


 
7. Slowly raise the sampler to the surface, not allowing to let the line go slack.  Once on board, 


the sampler can be tilted to allow any free liquid to flow through the screens on the top of the 
sampler.  Care should be taken to retain the fine sediment fraction during this operation.  
Note:  if sampling using a cut-off syringe (e.g. for VOCs or AVS), the top screens can be 
removed and a syringe inserted into the sediment. 


 
8. Open the sampler and transfer the sediment to a disposable aluminum tray, stainless steel 


bowl, plastic bin or other appropriate container.  Ensure that non-dedicated containers have 
been adequately decontaminated.  If necessary, continue to collect additional sediment samples 
until sufficient material has been secured to fulfill laboratory requirements.  Gently but 
thoroughly homogenize the sample to a consistent color/texture, then transfer the sediment to 
sample containers appropriate for the analysis requested.  Samples for VOCs should be 
collected directly from either the top of the Ponar or the bucket before homogenization to 
minimize volatilization of contaminants. 


 
3.4.6 Thin-Tube Hand-Held Sampling Trier 
 


The system consists of a trier which is a long hollow cylindrical tube with a slot extending almost its 
entire vertical length, and a “T” handle (Figure 4).  The trier is driven into the sediment or wetland 
sediment/soil to be sampled and used to extract a core sample from the appropriate depth.  The tip and 
edges of the tube are sharp to allow the trier to cut a core by rotation of the “T” handle once it is 
completely pushed-down or manually driven to the depth of collection.  Triers range from 
approximately 20 to 60 inches in length and from approximately 0.5 to 1 inch in diameter.   


 
Procedures for Use 


 
1. Insert the clean trier into the sediment or wetland soil at a 0 to 20o angle from horizontal.  This 


orientation minimizes spillage of sample from the sampler.  Extraction of sample might require 
tilting of the containers. 


 
2. Rotate the trier once or twice to cut a core of material. 
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3. Slowly withdraw the trier, making sure the slot is facing upward. 
 


4. Transfer the sample into an appropriate labeled container with a stainless steel scoop, wooden 
tongue depressor or equivalent and secure caps tightly. 


 
3.4.7 Telescopic Mechanical Sampling Arm 
 
The device consists of an aluminum pole approximately 1 to 2 inches in diameter divided into three 4-foot 
sections.  Attached to the end of the pole is a stainless steel sampling beaker (usually with an 18-ounce 
capacity).  The pole is capable of telescoping from 4 to 12 feet.  This mechanical sampling arm is used to 
collect sediment or wetland sediment/soil samples from excavations, or water bodies with high banks.  It 
allows a sample to be collected from a location that would otherwise be difficult to access. 
 


Procedures of Use 
 
1. Attach a clean stainless steel beaker to the end of the pole either by tightening a clamp or wing 


nuts. 
 
2. Make sure your feet are safely and securely positioned. 
 
3. Telescope the pole to the required length. 
 
4. Lower the pole end into the excavation or otherwise difficult to reach sediment or wetland 


soils. 
 
5. Collect the sample.  Remove the sample from the beaker with a clean stainless steel scoop, 


trowel or new wooden tongue depressor. 
 
6. Transfer the sample into an appropriate sample container with a stainless steel spoon, wooden 


tongue depressor or equivalent. 
 
3.4.8 Sediment Sampling with Lexan® Coring Tube  
 


This method consists of a coring tube that samples soft sediments to depths of approximately 1-2 
meters.  Sampling with a Lexan® coring tube extracts an undisturbed sediment sample which allows 
sampling of discrete core intervals as well as the study of the sediment-water interface.  Using a 
vacuum pump allows the tube to be capped without disturbing the sample.   The process described 
below can be facilitated if necessary by filing a sharp beveled edge on the outer side of the coring tube 
prior to advancing the tube into the sediment.  The sharp edge will help advance the coring tube.  A 
complete demonstration of this technique can be viewed at:  
http://www.youtube.com/watch?v=OF5fcUCOK0s  
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Procedures for Use 
 
1. If using a boat to access the sampling location, anchor or spud the boat if necessary to remain 


within a radius of approximately 1-5 meters from the originally identified sample location.  
 
2. Using a hand held GPS, document the proposed sample location in the field notebook along 


with other appropriate information collected during sediment sampling activities. 
 
3. Measure the total depth of water with a weighted tape.  If wading in a wetland, identify an 


area that has the least amount of vegetation as the roots of plants often interfere with the 
penetration of the Lexan tube. 


 
4. At each sample location, lower a section of Lexan® tube until it reaches the top of the 


sediment. 
 
5. Push the Lexan® tube into the sediment by hand, or using a fence post driver or core driver 


block, to the desired depth, or until refusal.  If the procedure is being performed to determine 
sediment depth (probing), a calibrated rod may be used in place of the Lexan® tube.  If the 
procedure is being performed to collect samples for laboratory analysis, continue with Step 6. 


 
6. Drive the tube several more inches using a post driver or core driver block and measure the 


distance.  This procedure is performed to obtain a “plug” at the bottom of the core and prevent 
the loose sediment from escaping. 


 
7. Place a plastic core tube cap on top of the Lexan core tube (to maintain suction), which should 


prevent the sediments/plug from escaping.  Some devices use a vacuum pump on top of the 
Lexan® tube. 


 
8. Rotate the tube at about a 15 degree angle from vertical, first clockwise, then 


counterclockwise, to help separate the plug at the bottom of the tube from the sediment.  
Slowly pull the tube from the sediment, twisting it slightly as it is removed (if necessary). 


 
9. Before the tube is fully removed from the water, place a soft plastic cap on the bottom end of 


the tube while it is still submerged. 
 
10. Keeping the tube upright, wipe the bottom end dry and seal the cap with duct tape and label.  


Measure the length of sediment recovered and evaluate the integrity of the core. If the core is 
not suitably intact, repeat coring procedure within 5 to 10 feet of the first location attempted. 


 
11. While still keeping the core upright, use a hacksaw to make a horizontal cut in the tube 


approximately one inch above the sediment. 
 
12. Re-cap the cut end of the tube, seal the cap with duct tape, and mark this end as “top”. 
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13. Wipe the tube dry. 
 
14. Slice tube open the tube (the use of power ‘nibbler’ is recommended) or push the sediment 


from tube onto pre-cleaned aluminum foil; scrape the outer surface of the sediment core that 
was in contact with the coring tube wall to remove vertical smearing.  


 
15. Sediment samples to be analyzed for volatile organic compounds (VOCs) will be transferred 


directly from the sample core to the sample containers.   
 
16. All other surface sediment samples will be transferred to a disposable aluminum basting pan or 


a stainless-steel mixing bowl for homogenization.  Additional samples may be required to 
collect the volume of sediment specified in the study design.  The mixing bowl should be 
covered with aluminum foil while additional samples are being collected to prevent sample 
contamination (e.g., from precipitation, splashing water).  After a sufficient volume of 
sediment is transferred to the mixing bowl, homogenize the contents of the bowl using 
stainless-steel spoons until the texture and color of the sediment appears to be uniform.  


 
17. After the sample is homogenized, transfer the sample into an appropriate sample container. 


 
3.4.9 Piston Corer  
 


The method of using a piston corer utilizes the general procedure as described above for using a 
Lexan® tube.  The piston inserted into the core tube aids in maintaining suction to minimize loss of 
unconsolidated material from the bottom of the tube.  Piston corers are typically used when 
undisturbed sediment samples at significant penetration depths are required.   


 
Procedures for Use    
 
1. If using a boat to access the sampling location, anchor or spud the boat if necessary to remain 


within a radius of approximately 1-5 meters from the originally identified sample location.  
 


2. As provided in the WP, FSP, or QAPP, determine how deep of a penetration is needed at the 
specific sampling location.  Prepare the appropriate length of tubing to be able to achieve the 
desired penetration depth plus an additional couple of feet.   


 
3. Run the line through the tubing and connect to the piston stopper.  Insert the piston stopper 


approximately 0.5 inches from the end of the tube. 
 
4. Attach the tubing to the piston core with provided clamps and/or other mechanism. 
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5. Slowly lower the tube/piston unit through the water column until it reaches the top of 
sediment.  When the tube has reached the sediment, try to minimize movement of the tube to 
minimize any sediment disturbance.  Tie off the line attached to the stopper to a permanent 
fixture on the vessel.     


 
6. Drive the tubing into the sediment to the penetration depth required. 
 
7. Remove the line and attach to the piston corer.  Bring up tube and core and position 


horizontally on the boat or ground.   
 
8. Immediately cap the open end of the tube. Remove piston corer from the tube and cap the 


other end.   
 
9. After both ends are capped and properly secured, the core should be stored vertically to allow 


for the sediment to settle.  Once settled, cut Lexan® tube where necessary to accommodate the 
size of the extracted core.   


 
10. If the required depth was not reached and or there was not the acceptable retrieval.  Redeploy 


the piston corer prior to capping the ends.  There may be debris in the way of the tube and/or 
other hard objects that impede penetration.  In the event that the desired penetration depth is 
not achieved, slightly change the sample location (within the 1-5 m radius of the original 
sample location). If the area continues to be problematic, contact an authorized project team 
leader.   


 
11. Once an acceptable core is extracted, capped and left to settle, cut the tube open and describe 


and sample from the core as described in Section 3.4.8 and transfer the sample into an 
appropriate sample container 


 
3.4.10 Sediment Sampling in Wetlands with Russian Peat Corer 
 


The Russian peat corer is a chamber-type instrument that collects an unconsolidated sediment/soil 
sample in wetlands.  The side-filling corer is inserted into the sediment in the closed position to the 
desired depth.  Once at the desired depth, the corer is rotated and the sample stored within the core.  
The following steps outline the procedure for using the Russian peat corer:  
 
Procedures for Use 
 
1. Manually insert the bottom point of the Russian Peat Corer with the blunt edge of the core 


tube turned against the cover plate to prevent sediment/soil from entering the tube during 
advancement.  If the sediment is highly consolidated or otherwise hard to penetrate, a slide 
hammer can be used to aid in driving the sampler. 
 







   Sediment and Wetland Sediment/Soil Sampling (OP3004) 
 
 


 
 
© Haley & Aldrich, Inc. 16 of 30 
Version Date: April 2013 Version No.: 0.4 


 


2. When the Russian Peat Corer is driven to the required depth, turn the core tube clockwise 180 
degrees allowing to tube to rotate and allowing the sharp edge to cut through the sediment 
longitudinally.   
 


3. Pull up the corer and retrieve the sample by turning the core tube counterclockwise.  The 
sample will be exposed on the core cover plate.   


 
4. Describe physical characteristics of the sediment/soil in accordance with OP2001 – 


Identification and Description of Soils in the Field and Using Visual-Manual Methods.   
 


5. Sub-sample and/or homogenize the sample for chemical analyses as described previously. 
Transfer the sample into an appropriate sample container 


 
3.4.11 Sediment Sampling with Peristaltic Pump 
 


The method of sediment sampling with a peristaltic pump consists of lowering tubing to a desired 
sampling location and using the peristaltic pump to extract the sediment from the bottom of the water 
body.  This method of sediment sampling may be efficient for the collection of flocculent, 
unconsolidated sediments with very high water content.   
 


 Procedures for Use 
 
1. If using a boat to access the sampling location, anchor or spud the boat if necessary to remain 


within a radius of approximately 1-5 meters from the originally identified sample location.  
  


2. Document the proposed sample location with a hand held GPS and record the ID in the field 
notebook along with other appropriate information collected during sediment sampling 
activities. 


 
3. Measure the total depth of water using a weighted tape. 
 
4. Lower a new piece of Waterra tubing of sufficient length (potentially with weight added) to a 


depth 1-2 feet above measurement from Step 3. 
 
5. Initiate pump and purge 3 tube volumes.  Deactivate pump, but do not allow backflow. 
 
6. Lower tubing to a depth 6 inches above measurement from Step 3. 
 
7. Initiate pump, wait until ‘floc’ comes to end of line, then collect floc in a beaker.  When 


sufficient volume is available, fill sample container. 
 


8. After the sampling at the sample location is completed and the appropriate sample jars are 
filled, decontaminate re-useable sampling equipment. 
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3.4.12 Sediment Sampling with Ekman Dredge 
 


The Ekman dredge (Figure 5) can be used in water of various depths and can be released from a boat 
or from a pier or bridge.  This type of sediment sampler is most efficient in waters with little to no 
current and is best for sampling consolidated, fine textured sediments as well as soft sediments, such 
as silt, muck and sludge.  The method of sediment sampling with the Ekman dredge consists of slowly 
lowering the grab sampler (the jaws being held in the open position with two cables under spring 
tension) through the water column to the sediment surface with a cable or nylon rope.  This sampler 
can also be used in a wetland attached to a pole specifically designed to trip the dredge once it is in 
place.  Once the sampler has reached the top of sediment, the dredge buckets are released using a 
messenger device (sent down the rope), collecting a surface grab sample (depth depending on the 
dimensions of the dredge bucket).   
 
Procedures for Use 
 
1. Once at the predetermined sample location, anchor or spud the boat to remain within a radius 


of approximately 1-5 meters from the originally identified sample location.   
 


2. Identify the proposed sample location ID in the field notebook along with other appropriate 
information collected during sediment sampling activities.    


 
3. Measure the total depth of water using a weighted tape. 
 
4. Thread a sturdy nylon cable through the top bracket of the sampler. 
 
5. Arrange the Ekman dredge sampler so that the jaws are in the open position and trip cables are 


positioned over the release studs.  Take extra precaution to ensure that there is nothing in the 
way of the jaws during this step in the event of accidental deployment of the spring loaded 
jaw.  This can best be achieved by cocking the jaws open with the Ekman upright in a plastic 
bin.    


 
6. Slowly lower the sampler over the side of the boat until it rests on the sediment surface. When 


the sampler hits the surface of the sediment, the field person should be able to see the 
deployment rope go slightly slack. 


 
7. Trigger the jaw release mechanism by lowering a messenger down the line. 
 
8. Slowly pull the sampler back up through the water column. 


 
9. Once on board, place the Ekman in a clean plastic tub (the surface of the sediment can be 


accessed by opening the top flaps of the sampler).  To release the sediment from the grab, pull 
the trip cables up and place the eye loops around the release mechanisms.  Estimate the sample 
volume and percent water by volume.  Record on sampling sheet.  
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10. Transfer the sample into an appropriate sample container  


 
 
3.5 Chain-of-Custody Forms 
 
All samples submitted to the contract analytical laboratory for analyses will be accompanied by a Chain-of-
Custody form.  Appropriate Chain-of-Custody procedures will be followed at all times during a sampling event 
and subsequent transport to the contract analytical laboratory.  Refer to OP3026 for operation procedures on 
completing a Chain-of-Custody form and Chain-of-Custody procedures. 
 
3.6 Decontamination 
 
Sediment and wetlands soil sampling equipment brought into actual contact with a laboratory sample, other 
than sample containers, will be cleaned prior to and between each use according OP3027 Decontamination 
Procedure.  After decontamination, the equipment will be wrapped in aluminum foil or placed on clean racks 
or polyethylene sheeting off the ground until it is used. 
 
3.7 Quality Assurance/Quality Control 
 
To assure quality of field sampling procedures, the following procedures must be followed: 
 
 All data must be documented on field data sheets or within site logbooks. 


 
 All instrumentation must be operated in accordance with operating instructions as supplied by the 


manufacturer, unless otherwise specified in a Site work plan or related document.  Equipment 
checkout and calibration activities must occur prior to sampling/operation, and they must be 
documented. 
 


Additional, project-specific collection of field quality control samples (e.g., field duplicates, equipment blanks, 
trip blanks, etc.) should be specified in the project WP, FSP, or QAPP.  Project-specific QA/QC requirements 
supersede procedures described herein for that particular project. 
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Figure 1: 
Sampling Augers 
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Figure 2: 
Sample Coring Device 
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Figure 3: 
Petite Ponar Dredge 
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Figure 4: 
Sampling Trier 
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Figure 5: 
Ekman Dredge 
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APPENDIX B  
RELATED HALEY & ALDRICH PROCEDURES 
 
 
 OP2000 Monitoring Field Explorations 


 
 OP3001 Preservation and Shipment of Environmental Samples 


 
 OP3026 Chain of Custody 


 
 OP3027 Decontamination Procedure 


 
 OP3029 Field Data Recording 
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APPENDIX C 
FORMS 
 
 
All Haley & Aldrich field forms are maintained on the server at K:\techproc\sop\Forms. The following forms 
are attached: 
 
 Form 3001 Sampling Labels (Environmental) 
 
 Form 3002 Chain of Custody (Electronic) 
 
 Form 3003 Chain of Custody (Field) 
 
 Form 3004 Sampling Record 
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Designation: D 4544 – 86 (Reapproved 2002)


Standard Practice for
Estimating Peat Deposit Thickness1


This standard is issued under the fixed designation D 4544; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This practice uses a technique of probing to estimate the
thickness of surficial peat deposits overlying mineral soil or
bedrock. These estimates may be needed for energy, horticul-
tural, or geotechnical purposes.


1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


1.3 This practice offers a set of instructions for performing
one or more specific operations. This document cannot replace
education or experience and should be used in conjunction
with professional judgment. Not all aspects of this practice may
be applicable in all circumstances. This ASTM standard is not
intended to represent or replace the standard of care by which
the adequacy of a given professional service must be judged,
nor should this document be applied without consideration of
a project’s many unique aspects. The word “Standard” in the
title of this document means only that the document has been
approved through the ASTM consensus process.


2. Referenced Documents


2.1 NRC Canada Document:
Peat Testing Manual 2


3. Terminology


3.1 Definitions of Terms Specific to This Standard:
3.1.1 peat—a naturally occurring organic substance derived


primarily from plant materials.


4. Summary of Practice


4.1 The resistance to penetration of a pushed or driven rod
will increase sharply at the boundary of a peat layer with
underlying mineral soil or bedrock. When this abrupt change is


measured in a series of probings with an appropriate spacing,
the thickness and areal extent of peat can be defined and the
volume of peat may be calculated.


4.2 Sampling of the peat may be required to determine the
peat characteristics.


5. Significance and Use


5.1 This practice allows the determination of the depth at
which the resistance to penetration of a pushed or driven rod
increases sharply. When the overlying material is peat and the
underlying one is mineral soil or bedrock, the depth of change
may be interpreted as the thickness of peat. Successive areal
determinations of this depth, in combination with surface
measurements of the lateral extent of peat will allow calcula-
tion of the volume of peat in the deposit.


6. Interferences


6.1 Sampling of the zone of contact of peat with underlying
material is usually necessary to verify the interpretations of
material change from the rod penetration resistances.


6.2 Where the peat − mineral transition zone is of signifi-
cant thickness, or where the peat is underlain by soft clays or
marls, further sampling and testing will be required (see 7.2).


6.3 The frequency of sampling is highly dependent upon the
physical details of the deposit.


6.4 Penetration of the rod may be prevented by wood pieces
in the peat deposit. Data should be examined and rechecked if
this occurrence is suspected.


6.5 The thin and flexible nature of the rod strings will limit
the depths of penetrating and sampling.


7. Apparatus


7.1 Graduated Steel Rods—Penetration is achieved with
graduated steel rods of 9.5 6 1.0-mm diameter and 1.0 or
1.2-m length,3 which can be threaded together to penetrate a
range of thickness. The rods are ringed at 200-mm intervals for
easy estimation of depth. A ring with a short threaded end is


1 This practice is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.22 on Soil as a Medium
for Plant Growth.


Current edition approved Feb. 21, 1986. Published April 1986.
2 Available from the National Research Council of Canada, Publications Section,


Building R-88, Ottawa, Ontario, Canada K1A OR6.


3 For further information, see Jeglum, J. K., “Method for Measurement of Peat
Thickness,” Peat Testing Manual, Technical Memorandum No. 125, NRC Canada,
May 1979, pp. 33–34.


1
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screwed into the last section and another rod or stick inserted
horizontally to facilitate pulling out the rod.


7.2 Piston-Type Sampler—Sampling is achieved, as neces-
sary, with a piston-type or similar exploratory type sampler, the
head of which is threaded into the bottom rod.4


8. Procedure


8.1 Align the rod vertically.
8.2 Penetrate the peat with the rod by pushing or driving.


Add sections of rod as required.
8.3 Measure the thickness of peat when the resistance to


penetration of the rod increases sharply owing to the resistance
of the material underlying the peat. It may be possible to hear
the scraping of the rod in the underlying soil, especially when
it is sand.


8.4 Pull up the rod and seek verification of the resistance
change by the presence of mineral material in the threads of the
bottom rod.


8.5 Record the lateral position of the sounding.
8.6 Repeat steps 8.1-8.5 as necessary to define the thickness


of the peat and its lateral extent.


8.7 At selected locations, attach the sampler and obtain peat
and peat − mineral soil contact zone samples. When a piston-
type sampler is attached to the bottom rod, the head is pushed
down until resistance is met, the rod is pulled up until the
central core catches at the end of the outer cylinder, and the
open cylinder is then pushed a little further to obtain mineral
material.


9. Report


9.1 The report shall include the following specific informa-
tion:


9.1.1 Name and location of project; names of field party,
9.1.2 A map of the positions penetrated or sampled. Show


surface elevations and water levels, where available,
9.1.3 A table of peat depths showing areal locations and


noting whether depth was determined by penetration or sam-
pling,


9.1.4 Descriptions of samples taken, along with locations,
9.1.5 Any test data run on samples taken, and
9.1.6 Appropriate description and classification of the peat


in the deposit.


10. Keywords


10.1 deposit thickness; peat; probing


ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.


This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.


This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).


4 This piston-type sampler and its use is described in Muskeg Engineering
Handbook, I. C. MacFarlane, ed. Muskeg Subcommittee of the NRC Canada, 1969,
pp. 144–145.
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OPERATING PROCEDURE: OP3003 
 
SURFICIAL SOIL SAMPLING 
 
 
1. PURPOSE 
 
 
The purpose of this Operating Procedure (OP) is to describe the procedures for the collection of 
representative samples of surficial soil.  The procedures are intended specifically to minimize alteration of 
samples during collection.  Surficial soil samples as referenced herein mean soils or soil-like material located 
less than 6 feet below ground surface which may contain quantities of contaminants. 


 
Refer to OP3000 for General Environmental Field Procedures and Protocol, including procedures for 
decontamination of sampling equipment and/or containers.  Refer to OP3001 for Operating Procedures on 
Preservation and Shipment of Environmental Samples.   
 
Haley & Aldrich (H&A) personnel are to use the techniques in OP3003 to collect surficial soil samples.  These 
operating procedures may be varied or changed as required, dependent upon site conditions, equipment 
limitations, or limitations imposed by the procedure.  In all instances, the actual procedures used should be 
documented and described in an appropriate site report. 
 
 
2. EQUIPMENT & SUPPLIES 
 
 
Required: 
1. Site map(s)/plan(s) 
2. Safety equipment, as specified in the site-specific Health and Safety Plan 
3. Field Log book 
4. Stainless steel, plastic, or other appropriate homogenization bucket, bowl or pan 
5. Plastic or stainless steel spoons and/or wooden tongue depressors 
6. Appropriate size sample containers 
7. Plastic zip lock bags 
8. Sample Labels 
9. Chain of Custody records and custody seals 
10. Sampling Record Form (H&A Form 3004) 
11. Cooler(s) 
12. Ice 
13. Decontamination supplies/equipment 
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Sampling equipment may include one or more of the following: 
 
1. Stainless steel trowel(s) or scoop(s) 
2. Stainless steel spade or shovel 
3. Bucket auger 
4. Bit auger 
5. Continuous flight (screw) auger 
6. Post-hole auger 
7. Extension/drill rods 
8. T-handle 
9. Core sampler 
10. Sampling trier 
11. Thin wall tube sampler 
12. Split spoons 
13. Vehimeyer soil sampler outfit 
14. Tubes 
15. Points 
16. Drive head 
17. Drop hammer 
18. Puller jack and grip 
19. Backhoe 
20. Telescopic mechanical sampling arm (aluminum poles) 
21. Stainless steel sampling beaker 
 
Optional: 
 
1. Tape measure 
2. Survey equipment or global positioning system (GPS) to locate sampling points 
3. Survey stakes or flags 
4. Camera and film 
5. Plastic sheeting or cover 
 
 
3. PROCEDURE 
 
 
3.1 Preparation 
 
 Determine the extent of the sampling effort, the sampling methods to be employed, and the types and 


amounts of equipment and supplies required. 
 
 Obtain necessary sampling and monitoring equipment. 
 
 Decontaminate or pre-clean equipment, and ensure that it is in working order. 
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 Prepare schedules and coordinate with staff, client, and regulatory agencies, if appropriate. 
 
 Perform a general site survey prior to site entry in accordance with the site specific Health and Safety 


Plan. 
 
 Use stakes, flagging, or buoys to identify and mark all sampling locations. Specific site factors, 


including extent and nature of contaminant, should be considered when selecting sample location. If 
required, the proposed locations may be adjusted based on site access, property boundaries, and 
surface obstructions. All staked locations should be utility-cleared by the property owner or the On-
Scene-Coordinator prior to soil sampling, and utility clearance should always be confirmed before 
beginning work. 


 
3.2 Presampling Observations, Notes and Required Entries 
 
The information listed below will be recorded in a project Field Log book and a Sampling Record Form.  The 
Sampling Record Form is referenced in Appendix C.  The following list of measurements and observations 
represent a minimum requirement for soil samples: 
 
 Sampling Location Number 
 
 Time 
 
 Date Collected 
 
 Samplers (names of individuals who actually collected samples) 
 
 Sample Destination (Analytical Laboratory) to receive samples 
 
 Description of Sample Location with Sketch or Map  
 
 Sample Depth (i.e., distance in feet from ground surface) 
 
 Photograph Number and Roll Used (if applicable). 
 
 Observable Physical Characteristics 


– Odor 
– Color 
– Density, Consistency, etc. 
– Layering 
– Other 


 
 Evidence of Stressed Vegetation or Wild Life in Area where Sample was taken 







 Surficial Soil Sampling (OP 3003) 
  
  


 
 


© Haley & Aldrich, Inc. 4 of 15  
Version Date: September 2003 Version No.: 0.0 


 
 


 Ambient Weather Conditions during Sampling 
– Air Temperature 
– Sky Condition 
– Recent Precipitation or Drought 


 
 Samples Collected (enter all sample numbers collected at this location) 
 
3.3 Sampling Procedures 
 
 After entries are completed, label and number required sample bottles.  Fill out the label in indelible 


ink and carefully and clearly address all categories and parameters. 
 
 Sample analyses will be specified by the Project Coordinator and Site Manager.  A list of these 


analyses and required containers and handling procedures is presented in a Site work plan or related 
document. 


 
 Sampling instructions have been provided for seven sampling devices most often used to collect 


surficial soil samples.  Select the appropriate sampling device. 
 
 Refer to Operation Procedure OP2001 - Identification and Description of Soils in the Field Using 


Visual-Manual Methods, if observations of surficial soils are to be recorded. 
 
 Decontaminate sampling device and/or container prior to use according to Operation Procedure 


OP3000 - General Environmental Field Procedures and Protocol. 
 
 Sample containers (glass jars and vials) should be filled to the top.  Refer to a Site work plan or related 


document for sample volume size and appropriate containers for given analyses.  Sample containers 
should contain laboratory-provided preservatives, if necessary.  Care should be taken to prevent the 
presence of air bubbles in VOA vials.  All container caps will include an inner teflon septa or lining 
and must be tightly secured to contain the sample.  All samples will be stored and shipped at 4oC.  
Refer to OP3001 for operating procedures on sample handling and preservatives. 


 
 Check for appropriate liner in cap and secure cap tightly.  Store the samples with ice in a cooler, 


following these sealing and packing procedures: 
 


– Ice will be placed in plastic zip-lock bags to contain ice water.  Sample containers will be 
adequately layered in bubble wrap to prevent breakage.  Samples will be positioned upright in 
the cooler to prevent breakage, and samples will be stored and shipped at 4oC. 


 
– All 40-milliliter VOA vials will be sealed in thick or heavy duty plastic zip lock bags. 


 
– Check to make sure all appropriate information is in Field Log Book or Sampling Record form 


and Chain-of-Custody form using indelible ink. 
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– If samples are to be shipped to a laboratory for analysis, a Chain-of-Custody record, custody 
seals, fragile markers, and reinforced nylon tape will all be properly affixed to or on the 
sample cooler.  If samples are to be delivered to the laboratory directly by Haley & Aldrich, 
then only the Chain-of-Custody record is required. 
 
– Chain-of-Custody Form - enclose in large plastic zip lock bag and tape to inside top of 


cooler lid. 
 
– Custody Seals - place custody seal over cooler gasket separating the cooler lid from 


the cooler bottom at all sides except hinged location. 
 


– Nylon Tape - tape completely around cooler at two locations.  Tape reinforcing will 
prevent cooler from opening if the lid locking mechanism fails. 


 
– Fragile Markers - fragile markers and upright stickers will be affixed to each side of 


the cooler. 
 
3.4 Sampling Device Instructions 
 
The specific procedures and equipment for surficial soil sampling will be defined in a Site work plan or related 
document.  The following presents a description of seven sampling devices commonly used to collect surficial 
soil samples within 6 feet of ground surface.  The split spoon sampler, when used with drilling equipment, can 
also collect subsurface soil samples to much greater depths.  The most appropriate device for a specific 
sampling program as described in a Site work plan or related document has been selected based on site 
conditions (accessibility, type of soil, desired depth of samples, etc.) and on climate conditions (e.g. frozen 
ground in winter).   
 
The selected devices for each sampling task are described in detail in a Site work plan or related document.  
Any changes to procedures outlined in a Site work plan or related document will be specified by the Site 
Manager. 
 
3.4.1 Hand Scoops, Trowels, Spades and Shovels 


This method is probably the simplest, most expeditious, direct method for making soil samples 
accessible.  Collection of samples from near-surface soil can be accomplished with tools such as 
spades, shovels, trowels, and scoops.  These devices are easy to operate, decontaminate and work well 
for sampling most surficial soils.  Surface material is removed to the required depth and a stainless 
steel or plastic scoop is then used to collect the sample.  This method can be used in most soil types 
but is limited to sampling at or near the ground surface.  Accurate, representative samples can be 
collected with this procedure depending on the care and precision demonstrated by the sample team 
member.  


 
Hand scoops and trowels consist of the usual garden type trowel or scoop usually constructed of 
stainless steel.  A stainless steel laboratory scoop is a preferred scoop device due to its non-corrosive 
nature.  Scoops or trowels work well in collecting grab samples of surficial soils or sludges. A flat, 
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pointed mason trowel to cut a block of the desired soil is helpful when undisturbed profiles are 
required.  A typical shovel or spade constructed of stainless steel can be used to collect representative 
soil samples near the surface.  Devices plated with chrome or other exterior coatings that may 
chemically alter the sample should not be used.  Plating is particularly common with garden 
implements such as potting trowels. 


 
  Procedures for Use 
 


1. Carefully remove the top layer of soil to the desired sample depth with a cleaned, 
stainless steel spade, shovel, trowel, or scoop.  In the case of sludges exposed to air, it 
may be desirable to remove the first 1-2 centimeters of material prior to collecting 
sample. 


 
2. Using a cleaned, stainless steel scoop or trowel, collect the desired quantity of soil. 
 
3. If volatile organic analysis is to be performed, transfer the sample directly into an 


appropriate, labeled sample container with a stainless steel lab spoon, new wooden 
tongue depressor or equivalent and secure the cap tightly. Place the remainder of the 
sample into a stainless steel, plastic, or other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous sample representative of the entire 
sampling interval. Then, either place the sample into appropriate, labeled containers 
and secure the caps tightly; or, if composite samples are to be collected, place a 
sample from another sampling interval or location into the homogenization container 
and mix thoroughly.  When compositing is complete, place the sample into 
appropriate, labeled containers and secure the caps tightly. 


 
3.4.2 Bucket and Bit Augers with Thin-Wall Tube Attachment 


This system consists of a bucket or bit auger, or a thin-wall tube sampler, a series of extensions/drill 
rods, and a "T" handle (Figure 1).  A cleaned bucket or bit auger is used to bore a hole to the desired 
sampling depth and then is withdrawn.  When using the bucket auger, the soil sample must be 
removed from the bucket with a cleaned, stainless steel spoon or trowel.  The bucket auger can collect 
a large soil sample (up to 24 ounces) but is limited in penetrating depth to approximately 2 feet under 
ideal conditions.  Bucket augers are useful for direct sample recovery, because they provide a large 
volume of sample in a short time.  The bit auger has greater penetrating depth (up to 6 feet) but 
collects a small soil sample.  The bit auger tip is removed from the auger when the desired sampling 
depth is reached and replaced with the thin wall tube attachment.  The system is then lowered down 
the cored hole, and driven into the soil to the completion depth. The system is withdrawn and the core 
is collected from the thin wall tube sampler.   


  
Other types of augers include continuous flight (screw) and post-hole augers. When continuous flight 
augers are used, the sample can be collected directly from the flights. The continuous flight augers are 
satisfactory when a composite of the complete soil column is desired. Post-hole augers have limited 
utility for sample collection as they are designed to cut through fibrous, rooted, swampy soil and 
cannot be used below a depth of approximately three feet. 
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This equipment can be used in a wide variety of soil conditions.  The presence of rock layers and 
collapsing of the borehole usually prohibit sampling at depths greater than 3 to 6 feet.  The equipment 
is inexpensive, easy to operate, and generally works well to sample most soils. 


 
  Procedures for Use 
 


1. Attach the cleaned auger bucket or bit to a drill rod extension and further attach the "T" 
handle to the drill rod. 


 
2. Clear the area to be sampled of any surface debris (twigs, rocks, litter).  It may be 


advisable to remove the first 3 to 6 inches of surface soil for an area approximately 6 
inches in radius around the drilling location. 


 
3. Begin augering by rotation of the "T" handle, periodically removing accumulated soils 


onto a plastic sheet spread near the hole.  This prevents accidentally brushing loose 
material back down the borehole when removing the auger or adding drill rods.  It also 
facilitates refilling the hole, and avoids possible contamination of the surrounding area. 


 
4. After reaching the desired depth, slowly and carefully remove the auger from the hole.  
 
5. If a bucket auger is used, remove the soil sample with a cleaned, stainless steel spoon 


or trowel. 
 
6. If a bit auger is used, remove the auger tip from the extension rods and replace with a 


cleaned, thin-wall tube sampler.  Install the proper cutting tip. 
 
7. Carefully lower the tube sampler down the borehole.  Gradually press the tube sampler 


into the soil.  Take care to avoid scraping the borehole sides.  Avoid hammering the 
drill rods to facilitate coring, as the vibrations may cause the boring walls to collapse. 


 
8. Remove the tube sampler and unscrew the drill rods. 
 
9. Remove the cutting tip, and remove the core from the device. 
 
10. Discard the top of the core (approximately 1 inch), as this possibly represents material 


collected before penetration of the layer of concern. Place the remaining core into the 
appropriate labeled sample container. Sample homogenization is not required. 


 
11. If volatile organic analysis is to be performed, transfer the sample into an appropriate, 


labeled sample container with a stainless steel lab spoon, wooden tongue depressor or 
equivalent and secure the cap tightly. Place the remainder of the sample into a stainless 
steel, plastic, or other appropriate homogenization container, and mix thoroughly to 
obtain a homogenous sample representative of the entire sampling interval. Then, either 
place the sample into appropriate, labeled containers and secure the caps tightly; or, if 
composite samples are to be collected, place a sample from another sampling interval 
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into the homogenization container and mix thoroughly.  When compositing is complete, 
place the sample into appropriate, labeled containers and secure the caps tightly. 


 
12. If another sample is to be collected in the same hole, but at a greater depth, reattach the 


auger bit to the drill and assembly, and repeat previous steps, making sure to 
decontaminate the auger and tube sampler between samples. 


 
13. Abandon the hole according to applicable state regulations. Generally, shallow holes 


can simply be backfilled with the removed soil material. 
 
3.4.3 Hand Held Corer 


The device consists of a "T" handle and cylindrical core tube (Figure 2).  The device is equipped with 
a check valve at the top to prevent washout during retrieval through an overlying water layer, if 
applicable, and a nosepiece at the bottom to help contain the sample.  This device can be used in a 
wide variety of soil conditions.  Hand corers can also be fitted with brass or polycarbonate plastic 
liners. 


 
Procedures for Use 


 
1. Inspect the corer for proper pre-cleaning. 
 
2. Press the corer in with a smooth continuous motion. 
 
3. Twist the corer, and then withdraw the corer in a single smooth motion. 
 
4. Remove the nosepiece and withdraw the sample into a stainless steel, plastic or other 


appropriate homogenization container. 
 
5. Transfer the sample into an appropriate sample container with a stainless steel spoon, 


wooden tongue depressor or equivalent. 
 
3.4.4 Thin Tube Hand Held Sampling Trier 


The system consists of a trier, a long hollow cylindrical tube with a slot trending almost its entire 
vertical length, and a "T" handle (Figure 3).  The trier is driven into the soil to be sampled and used to 
extract a core sample from the appropriate depth.  The tip and edges of the tube are sharp to allow the 
trier to cut a core by rotation of the "T" handle once it is completely pushed-down or manually driven 
to the depth of collection.  Triers range from approximately 20 to 60 inches in length and from 
approximately 0.5 to 1 inch in diameter. 
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Procedures for Use 
 


1. Insert the cleaned trier into the soil or sludge material at a 0 to 45o angle from 
horizontal.  This orientation minimizes the spillage of sample from the sampler.  
Extraction of samples might require tilting of the containers. 


 
2. Rotate the trier once or twice to cut a core of material. 
 
3. Slowly withdraw the trier, making sure the slot is facing upward. 
 
4. If volatile organic analyses are required, transfer the sample into an appropriate, 


labeled sample container with a stainless steel lab spoon, wooden tongue depressor or 
equivalent and secure the cap tightly.  Place the remainder of the sample into a 
stainless steel, plastic, or other appropriate homogenization container, and mix 
thoroughly to obtain a homogenous sample representative of the entire sampling 
interval.  Then, either place the sample into appropriate, labeled containers and secure 
the caps tightly; or, if composite samples are to be collected, place a sample from 
another sampling interval into the homogenization container and mix thoroughly. 
When compositing is complete, place the sample into appropriate, labeled containers 
and secure the caps tightly. 


 
3.4.5 Split Spoon Sampler  


Split spoon sampling is generally used to collect undisturbed soil cores of 18 or 24 inches in length.  A 
split spoon sampler consists of a cylindrical hollow steel or stainless steel sampler usually 24 inches 
long and 2 or 3 inches in outside diameter.  A series of consecutive cores may be extracted with a split 
spoon sampler to give a complete soil column profile, or an auger may be used to drill down to the 
desired depth for sampling. The split spoon is then driven to its sampling depth through the bottom of 
the augured hole and the core extracted.  Split spoon samplers collect in-situ soil samples that permit 
stratigraphic logging.  To remove the split spoon sampler and collect a soil sample, remove the 
sampler from the driving rods and unscrew the tapered nosepiece and top piece from the sampler.  The 
spoon will then split into two longitudinal sections.  It may be necessary to use a pipe wrench to 
unlock the threaded nosepieces.  This sampling device is almost always used in conjunction with a 
drilling rig and as such is an equipment intensive effort.  However, the split spoon may be used with a 
hand-held drop hammer for collection of shallow soil samples (less than 6 feet below ground surface).   
 
Refer to Operation Procedures OP2005 - Test Borings, Sampling, Standard Penetration Testing and 
Borehole Abandonment, and OP3006 - Procedures for Subsurface Soil Sampling for Chemical 
Analysis, which describe the use of this sampler in greater detail. 
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Procedures for Use 
 


1. Assemble the sampler by aligning both sides of barrel and then screwing the drive 
shoe on the bottom and the head piece on top. 


 
2. Place the sampler in a position perpendicular to the sample material. 
 
3. Using a well ring, drive the tube. Do not drive past the bottom of the head piece or 


compression of the sample will result. 
 
4. Record in the Field Log book or test boring log the length of the tube used to penetrate 


the material being sampled, and the number of blows required to obtain this depth. 
 
5. Withdraw the sampler, and open by unscrewing the bit and head and splitting the 


barrel. The amount of recovery and soil type should be recorded on the boring log. If 
a split sample is desired, a cleaned, stainless steel knife should be used to divide the 
tube contents in half, longitudinally. This sampler is typically available in 2 and 3 1/2 
inch diameters. A larger barrel may be necessary to obtain the required sample 
volume. 


 
6. Without disturbing the core, transfer it to appropriate labeled sample container(s) and 


seal tightly. 
 
3.4.6 Test Pit/Trench Excavation  


A backhoe can be used to remove sections of soil, when detailed examination of soil characteristics are 
required. This is a relatively expensive sampling method because of the cost of backhoe operation.  
Refer to Operation Procedure OP2026 - Exploratory Test Pits for more information on test pit 
excavations. 


 
Procedures for Use 
 
1. Prior to any excavation with a backhoe, it is important to ensure that all sampling 


locations are clear of overhead and buried utilities. 
 
2. Review the site specific Health & Safety plan and ensure that all safety precautions 


including appropriate monitoring equipment are installed as required. 
 
3. Using the backhoe, excavate a trench approximately three feet wide and approximately 


one foot deep below the cleared sampling location, or as specified in a Site work plan 
or related document.  Place excavated soils on plastic sheets. Trenches greater than 
five feet deep must be sloped or protected by a shoring system, as required by OSHA 
regulations. 
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4. A shovel may be used to remove a one to two inch layer of soil from the vertical face 
of the pit where sampling is to be done. 


 
5. Record in the Field Log book or test pit log the depth intervals from which the 


samples are being collected. 
 
6. Samples are taken using a trowel, scoop, or coring device at the desired intervals.  Be 


sure to scrape the vertical face at the point of sampling to remove any soil that may 
have fallen from above, and to expose fresh soil for sampling.  In many instances, 
samples can be collected directly from the backhoe bucket.  A telescopic mechanical 
arm (see next sampling device) and stainless steel sampling beaker may be used to 
collect samples. 


 
7. If volatile organic analyses are required, transfer the sample into an appropriate, 


labeled sample container with a stainless steel lab spoon, wooden tongue depressor or 
equivalent and secure the cap tightly. Place the remainder of the sample into a stainless 
steel, plastic, or other appropriate homogenization container, and mix thoroughly to 
obtain a homogenous sample representative of the entire sampling interval. Then, 
either place the sample into appropriate, labeled containers and secure the caps tightly; 
or, if composite samples are to be collected, place a sample from another sampling 
interval into the homogenization container and mix thoroughly. When compositing is 
complete, place the sample into appropriate, labeled containers and secure the caps 
tightly. 


 
8. Abandon the pit or excavation according to applicable state regulations.  Generally, 


shallow excavations can simply be backfilled with the removed soil material.  The test 
pit/excavation should be backfilled in accordance with a Site work plan or related 
document. 


  
3.4.7 Telescopic Mechanical Sampling Arm  


The device consists of an aluminum pole approximately 1 to 2 inches in diameter divided into three, 
4-foot sections.  Attached to the end of the pole is a stainless steel sampling beaker (usually with an 
18-ounce capacity).  The pole is capable of telescoping from 4 to 12 feet.  This mechanical sampling 
arm is used to collect soil samples from test pits or other excavations.  It allows a sample to be 
collected from a location that would otherwise be difficult to access. 


 
Procedures for Use 


 
1. Attach the cleaned, stainless steel beaker to the end of the pole either by tightening a 


clamp or wing nuts. 
 
2. Make sure your feet are safely and securely positioned. 
 
3. Telescope the pole to the required length. 
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4. Lower the pole end into the test pit or other excavation. 
 
5. Collect the sample. 
 
6. Remove the sample from the beaker with a cleaned, stainless steel scoop, trowel or 


new wooden tongue depressor. 
 
3.5 Sample Containers  
 
 The samples for each analysis will be collected in the appropriate containers and handled in accordance with 
the procedures described in a Site work plan or related document. 
 
3.6 Chain-of-Custody Forms 
 
All samples submitted to the contract analytical laboratory for analyses, will be accompanied by a 
Chain-of-Custody form.  Appropriate Chain-of-Custody procedures will be followed at all times during a 
sampling event and subsequent transport to the contract analytical laboratory.  Refer to OP3026 for operation 
procedures on completing a Chain-of-Custody form and Chain-of-Custody procedures. 
 
3.7 Decontamination 
 
Soil sampling equipment will be cleaned prior to and between each use according to Operation Procedure 
OP3000 – General Environmental Field Procedures and Protocol.  After decontamination, the equipment will 
be wrapped in aluminum foil and placed on clean racks off the ground until it is used. 
 
3.8 Quality Assurance/Quality Control 
 
There are no specific quality assurance (QA) activities that apply to the implementation of these operating 
procedures. However, the following QA procedures apply: 


 
 All data must be documented on field data sheets or within site logbooks. 


 
 All instrumentation must be operated in accordance with operating instructions as supplied by the 


manufacturer, unless otherwise specified in a Site work plan or related document.  Equipment 
checkout and calibration activities must occur prior to sampling/operation, and they must be 
documented. 
 


3.9 Health and Safety 
 
When working with potentially hazardous materials, follow H&A health and safety procedures, in addition to 
the procedures specified in the site specific Health & Safety Plan. 
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FIGURES 
 
 
Figure 1.  Sampling Augers 
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Figure 2.  Sample Coring Device 
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Figure 3.  Sampling Trier 
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APPENDIX B  
RELATED HALEY & ALDRICH PROCEDURES 
 
 
 
 OP1009 Medical Surveillance Program 
 
 OP1010 Health and Safety Plans 
 
 OP2001 Identification and Description of Soils in the Field Using Visual-Manual Methods 
 
 OP2005  Test Borings, Sampling, Standard Penetration Testing and Borehole Abandonment 
 
 OP2026 Exploratory Test Pits 
 
 OP3001 Preservation and Shipment of Environmental Samples 
 
 OP3004 Stream Sediment and Wetlands Soil Sampling 
 
 OP3026 Chain of Custody 
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APPENDIX C 
FORMS 
 
 
 Form 3001 Sampling Labels (Environmental) 
 
 Form 3002 Chain of Custody (Electronic) 
 
 Form 3003 Chain of Custody (Field) 
 
 Form 3004 Sampling Record 
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Haley & Aldrich categorizes Operating Procedures by Levels, to facilitate their preparation and use. The 
Levels are defined as follows:  
  
Level III - miscellaneous procedure from a variety of sources; not sanctioned as appropriate for any particular 
use by the company but provided on the Intranet as a potential resource when current company operating 
procedure is not available; ( e.g., project-specific procedure submitted by staff member, old procedures, 
ASTM procedures, etc.)  
  
Level II - in-progress or draft procedure, typically written in the standard format; in various stages of review; 
has not yet been sanctioned an official operating procedure but could be suitable for project-specific 
application upon verification by project staff 
 
Level I - company sanctioned operating procedure suitable for use on projects 
 
The company encourages and welcomes feedback regarding its Operating Procedures.  If staff members have 
recommendations related to the use or improvement of any procedures, or suggestions for developing new 
procedures, please contact the Boston Office Field Services Manager or a Service Delivery Leader. 
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OPERATING PROCEDURE 3007 
 
SURFACE WATER SAMPLE AND DATA COLLECTION 
 
 
1. PURPOSE 
 
 
This procedure provides a uniform, standardized approach to collect representative surface water samples  
The procedures presented in this document were developed to provide a uniform, standardized approach to 
collect representative surface water samples and to perform real-time surface water quality data collection. 
This operating procedure (OP) is applicable to the collection of representative surface water samples from 
standing or flowing water above ground surface, such as streams, rivers, lakes, ponds, lagoons, and surface 
impoundments. It includes samples collected from depth, as well as samples collected from the surface.  
 
The OP may be varied or changed in the field as required, dependent upon site conditions, equipment 
limitations or limitations imposed by the procedure. In all instances, the actual field sampling should be 
documented in a field notebook and, if possible, accompanied by a brief sketch showing the location relative to 
landmarks.  
 
The method of sample collection and handling can affect the quality and interpretation of the sampling and 
analytical results.  This procedure and attached reference documents are intended to minimize variability in 
sample collection to ensure uniformity between sampling events.  This procedure has been developed with 
guidance from the U.S.  EPA guidance document A Compendium of Superfund Field Operations Methods, 
EPA/540/P-87/001, OSWER Directive 9355.0-14. 
 
The Project Manager is responsible for checking all work performed and confirming that the work satisfies the 
specific tasks outlined by this OP and any applicable project plan documents, such as the Quality Assurance 
Project Plan (QAPP).  It is the responsibility of the Project Manager to communicate with the sampling staff 
regarding specific collection objectives and anticipated situations requiring any deviation from the project-
specific plans or this OP.  It is also the responsibility of the field staff to communicate the need for any 
deviations with the Project Manager who, in turn, needs to decide if the client should be informed.   Sampling 
staff performing surface water sampling are responsible for adhering to the applicable tasks outlined in this 
procedure while collecting samples. 
 
The general procedures for collecting surface water samples are outlined below.  All work will be performed 
in accordance with the Site-Specific Health and Safety Plan (HASP).      
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2. EQUIPMENT 
 
The following materials will be available, as required, during surface water sampling: 
 


 Health and safety and personal protection equipment (as required by the Health and Safety 
Plan [HASP]); 


 Project specific notes, plans, figures, reports, etc. 
 Field notebook, field data forms and sampling sheets with writing utensils; 
 Weighted Tape, Tape measure; 
 Duct tape; 
 Graduated beaker; 
 Multi-parameter sonde or other equipment for water quality monitoring with appropriate 


probes and calibration materials; 
 Appropriate sampler and associated equipment 
 Appropriate transport containers and packing (chain of custody, custody seals); labeling, and 


shipping materials (coolers, bags) with ice; 
 Appropriate filters and filtering apparatus (if necessary); 
 Appropriate sample containers and preservatives 
 Decontamination equipment/supplies 
 Digital camera (with extra batteries) 
 Survey stakes, flags, or buoys and anchors 
 Compass/handheld GPS device 
 Velocimeter 


 
 
3. PROCEDURE 
 
Prior to entering the field there are several activities that should be conducted, including; 1) obtaining and 
reviewing a copy of the project-specific Sampling or Work Plan, Health & Safety Plan or other applicable 
project documents, 2) obtaining and reviewing previous surface water sampling data information (if available), 
3) locating a site map denoting locations to be sampled, 4) coordinating site access.  
 
3.1 Pre-sampling Observations and Required Data Entries 
 
Field measurements and observations should be made in the field at the time of sampling. This information is 
listed below and will be recorded in a project Field Log Book, Surface Water Sampling Record Form 
(Appendix C) or other applicable form.  For large sampling programs multiple documentation reports may be 
completed.  For smaller sampling assignments the staff will identify which reporting format is to be used by 
field personnel.  The following list of measurements and observations represents a minimum requirement for 
surface water samples: 
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3.2 Field Log Book Entry for Surface Water Samples 
 


 Surface water Sample Location ID 
 Date collected 
 Time Collected 
 Sample Depth 
 Number of Samples/Volume collected 
 Sample characteristics (measured in separate transfer container not in sample glassware or if 


possible, water quality monitoring sonde may be submerged in water body to sample depth), if 
requested by the project manager – such as; pH, Conductivity, Dissolved Oxygen, Oxidation 
Reduction Potential, Turbidity, Temperature, NH4


+ Ion Concentration and sample 
preservative(s) 


 Samplers (names of individuals who actually collected samples) 
 Sample destination (Analytical Laboratory) 
 Description of the sample location, including approximate dimensions of stream or waterbody 


at Sampling Point (measured after sampling) 
 Photograph details 
 Latitude/Longitude (using GPS, collect Waypoint as well). 
 Velocity of water (estimated from floating object) 
 Flow rate if moving water (i.e., streams and drainways) (in cubic feet/second; using the 


following formula) 
 
  Q = Au = wdu  
  where: 
  Q = discharge in cubic feet/second (cfs) 
  A = area in square feet 
  u = velocity in feet/second (ft/sec; measured by Velocimeter) 
  w = width in feet 
  d = depth in feet 
 


 Observable physical characteristics - odor, color, turbidity, immiscible layers, precipitates, 
proximity to erosional/depositional features 


 Evidence of stressed vegetation, wildlife, or waste disposal 
 Ambient weather conditions during sampling - air temperature, sky condition, recent 


precipitation or drought 
 Samples collected (enter all sample numbers collected at this location) 


 
All entries will be made as described in Haley & Aldrich Operating Procedure OP3029- Field Data Recording. 
Please refer to OP2000 – Monitoring Field Explorations for additional details. 
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3.3 General Surface Water Sampling and Real-Time Data Collection Procedures 
 
1. Sample glassware should be prelabelled by the lab prior to sampling; if using blank labels, use 


indelible ink (black Sharpie) to write sample IDs before the sample is taken (once the label is wet, a 
Sharpie will not work).   
 


2. Calibrate water quality equipment per manufacturer’s specification.  Verify that calibration is within 
the acceptable range as described in the manufacturer’s guidance manual.  Refer to OP3030 Field 
Instruments – Use and Calibration for additional details. 
 


3. Don appropriate health and safety equipment, as required by the HASP and health and safety-related 
OPs. 


 
4. Sample locations and analyses will be selected with respect to specific site conditions in the project 


specific documents and requirements.  Based on the selection of sample analyses, appropriate sample 
containers, preservatives, and holding times should be stipulated in the in the project specific 
documents and requirements.   


 
5. Identify sampling location in field notebook along with other appropriate information (as described 


above). 
 
6. At the sample location, use GPS to collect Latitude/Longitude information as a ‘Waypoint.’ 
 
7. Collect real-time data and water quality parameters 
 
If collecting surface water samples, continue in accordance with the following general procedures, with the 
appropriate equipment specific section presented under this operating procedure (presented below): 
 
1. All samples should be collected upstream of the sampler, before any physical features of the stream 


are measured and prior to any disturbance in the areas such sediment sampling (if conducted).  
Downstream locations should be sampled first and then proceeding upstream. 


 
2. Fill glassware by directed method.  Leave headspace in sample collection bottles with the exception of 


the volatile organics analysis (VOA) vials.  If filtering in the field, a disposable filter unit (or 
syringe/cartridge) can be used according to procedures described in the U.S. EPA SW-846 Manual, 
Method 3005.  Secure all sample jar caps tightly and place sample containers in appropriate storage or 
shipping container.  


 
3. Collect applicable QA/QC samples, such as field duplicates and matrix spike/matrix spike duplicate 


samples, per project requirements by filling two sets of containers with water collected at the same 
time and depth. 
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4. Perform routine maintenance/cleaning as specified by the manufacturer and decontamination non-
dedicated sampling equipment per procedures.  Refer to OP3027 Decontamination Procedure for 
additional details. 


 
Additional descriptions for collecting and processing surface water samples for analyses, such as naming, 
labeling, handling, and shipping information are documented in project plan documents, such as the Quality 
Assurance Project Plan (QAPP), and further outlined in Haley & Aldrich Operating Procedure OP3001 
Preservation and Shipment of Environmental Samples,  
 
3.4 Surface Water Sampling by Grab Sample Method  
 
The following steps describe the procedure of collecting near-surface water samples.  This grab sample 
method is to be employed when the water is shallow enough to wade through and shallow enough that a 
sample can be taken from mid-depth. 
 
1. Wade into the center of the stream.  Generally, samples are to be collected at the stream center-line, at 


6/10ths stream depth (per average flow convention) if possible. In the event that it is impossible to 
safely reach the center of the stream, the sample will be collected as close as possible to the center.  
No sampling will occur if the stream cannot be accessed safely. 


 
2. Use a water quality meter to measure conventional water quality parameters, as required by the 


project.  Calibrate equipment per manufacturer’s specifications prior to use and verify that calibration 
is within the acceptable range suggested by the manufacturer.   Record results on sample sheet. 


 
3. Collect surface water sample, as described below. 


 
4. Measure depth at centerline and width of stream using weighted tape.  Make note of features that 


would affect the cross-sectional area (i.e. localized channelization or depositional banks).  Record data 
on sampling sheet. 


 
5. Using velocimeter, measure velocity at 6/10ths stream depth at centerline of stream, record data on 


sampling sheet. 
 


3.4.1 Sample Collection Procedures: 


 If there is no preservative in the sample container, submerge the laboratory sample container in the 
stream and allow water to flow gently down the side of the bottle with minimal entry turbulence 
Collect the sample from mid-depth of surface water.  


 
 If there is preservative in the sample container, collect the water sample by submerging the 


graduated beaker (or other clean transfer vessel) into the stream as above.   
 
 If the water depth is less than one foot, collect the sample from 1/3 depth, as to avoid disturbing 


the bottom of the stream. 
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If surface water body is not easily accessible on foot, a dipping device can be utilized for surface water 
grab sampling.  A dip sampler is useful in situations where a sample is to be recovered from an outfall 
pipe or along a lagoon bank where direct access is limited. The long handle on such a device allows 
access from a discrete location.  A dipping device can be homemade (e.g. attaching a beaker or 
suitable container to an extension pole) or can be ordered from a field equipment vendor (e.g. Wildco, 
Forestry Supply Company).  Samples are collected by extending the device to the sample location and 
collect the sample by dipping the sampler into the water.  The sampler is then retrieved and the sample 
is transferred to the appropriate sample container(s). 


 
3.5 Surface Water Sampling with Peristaltic Pump 
 
This section describes the method for surface water sampling with a peristaltic pump, where the pump draws 
the sample through heavy-walled tubing and sample is pumped directly into the sample container.  This type of 
sampling is required for mid-depth sampling in ponds and in other water bodies where a near surface sample 
may not be accessible or sufficient to characterize the water body.  An on-water vessel will be needed to 
complete this sampling.  
 
In addition to the general surface water sample/data collection materials listed above, a peristaltic pump with 
polyethylene (Waterra) and silicone (Masterflex) sample tubing, and a calculator (to calculate tubing volumes 
for purging between sample at different depths but at the same location) to perform surface water sampling 
with a peristaltic pump: 


 
3.5.1 Sample Collection Procedures: 


 Purge three tube volumes prior to sampling at a particular depth at each location. NOTE: If the tubing 
is dedicated to each monitoring location and disposed of after sampling, decontamination is not 
required. 


 
 Lower water quality meter instruments to desired depth and measure required parameters.  Record 


results on sample sheet. 
 
 Lower sample tubing to desired depth, activate forward flow of pump.  Once water quality parameters 


have stabilized to within +/- 10% of the time-averaged trend, place the tubing in the sample container 
and fill. NOTE: The sample tubing may be attached to the water quality instrument prior to lowering. 


 
3.6 Surface Water Sampling by Kemmerer Depth Sampler or Van Dorn Depth Sampler  
 
Kemmerer depth samplers and Van Dorn depth samplers are available commercially and are adaptable for 
sample collection for organic analysis by substituting Teflon for the rubber or plastic stoppers.  If stainless 
steel metallic parts are employed, in addition to Teflon stoppers, the depth samplers become a very versatile 
tool for surface water collection.  The depth samplers are also available in a nonmetallic design (Lexan), 
which is also very useful for sample collection for trace metal analysis.   


 







   Surface Water Sample and Data Collection (OP3007) 
 
 


 
 
© Haley & Aldrich, Inc. 7 of 7 
Version Date: April 2013 Version No.: 0.2 


 


3.6.1 Sample Collection Procedures: 


 Set the rubber stoppers to the open (loaded) position according to the manufacturer’s directions.  An 
example demonstration video for the Kemmerer sampler can be seen at: 
https://www.youtube.com/watch?v=r3SjxoNxc4A, and a demonstration video for the Van Dorn 
sampler can be seen at: 
https://www.youtube.com/watch?v=gQ_z8taMR_w&NR=1&feature=endscreen 


 
 Lower the Kemmerer or Van Dorn depth sampler to the appropriate depth. 


 
 Once at the desired depth, drop the weighted messenger down the rope to trigger the sampling device. 
 
 Retrieve the sampler and carefully pour the water sample into the appropriate, clean laboratory 


container. 
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APPENDIX A 
FORMS 
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APPENDIX B 
RELATED HALEY & ALDRICH PROCEDURES 
 
 
 OP2000 Monitoring Field Explorations 


 
 OP3001 Preservation and Shipment of Environmental Samples 
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 OP3027 Decontamination Procedure 
 
 OP3029 Field Data Recording 
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OPERATING PROCEDURE: OP3001 
 
PRESERVATION AND SHIPMENT OF ENVIRONMENTAL SAMPLES 
 
 
1. PURPOSE 
 
 
This operating procedure (OP) has been established to maintain consistency in preservation and shipment of 
environmental samples to protect the integrity of the samples prior to analysis.  This OP may be modified to 
suit the needs of an individual site and to comply with specific regulatory programs (i.e. state, CERCLA, 
RCRA). 
 
The objectives of this OP are to maintain the physical form and chemical composition of the sample and to 
prevent changes in contaminant concentration.  To meet these objectives, there must be a measure of control 
over all sample handling procedures beginning with sample container cleaning procedures and ending with 
laboratory analysis.  This OP deals with the first half of the control process: the procedures leading up to and 
ending with sample packaging and transport to the laboratory.  The information provided herein will make it 
possible to choose the minimum number of sample handling and preservation practices necessary to ensure the 
integrity of a sample designated for analysis. 
 
Refer to OP3026 for Operating Procedures on completing a Chain of Custody. 
 
 
2. EQUIPMENT & SUPPLIES 
 
 
 Prepackaged or decontaminated sampling device 
 Laboratory supplied sample containers 
 Preservatives, as applicable 
 Disposable gloves 
 Litmus/pH paper, as applicable 
 Labels 
 Permanent/indelible marker 
 Cooler 
 Ice 
 Bubble wrap  
 Packing tape 
 Chain of Custody 
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3. PROCEDURE 
 
 
There are four basic steps necessary to obtain meaningful analytical data: preparation of the sample container, 
sampling, sample preservation, and analysis.  The amount of sample to be collected, and the proper sample 
container type (i.e., glass, plastic), chemical preservation, and storage requirements are dependent on the 
matrix being sampled and the parameter(s) of interest.  In order to obtain meaningful analytical data, sample 
preservation techniques must be effective from the time of sample collection to the time of analysis. 
 
3.1 Selection of Sampling Parameters 


The selection of sampling parameters is dependent on the specific work objectives for a Site. When choosing 
preservatives for your sampling and analysis program, verify that the preservatives or lab techniques used do 
not contain chemicals that are also constituents of concern at the Site. 
 
In addition, it is important to recognize acetone, as a high purity solvent rinse in sampling equipment 
decontamination procedures, is included as an analyte on the Target Compound List (TCL) and SW-846, but 
not on the Priority Pollutant List (PPL). 
 
3.2 Sampling Equipment and Container Selection 


Proper selection of sampling equipment and containers for sample collection is an important means of 
protecting the integrity of the sample.  When selecting sampling equipment and containers, verify that the 
materials that come into direct contact with the sample are compatible with the chemical or physical properties 
of the contaminant(s) of concern. The type of sample containers to be used in a sampling event should be 
determined during sampling event planning and documented in the sampling and analysis plan. 
 
As a general rule when obtaining soil samples using core barrel samplers, samples obtained for semivolatile 
organic compound (SVOC) analysis can be obtained within a core barrel or core barrel liner that is composed 
of stainless steel, steel, or brass. When only inorganic constituents are of concern, a plastic core barrel liner 
would be more appropriate. All of these materials are suitable for volatile organic compounds (VOCs) as long 
as the contact time is minimized. Often all of the above samples (SVOCs, inorganic, and VOCs) are obtained 
from a single soil core. In this situation, soils should be taken from the interior of the soil core to avoid 
potential interferences between the contaminants of concern and the surface of the core barrel that is in direct 
contact with the sample. 
 
For sediment sampling, the analytical sediment sample is arbitrarily defined as that which passes a 10-mesh 
(approximately 2-mm openings) sieve. The purpose of this is to provide a basis for discrimination of sediment 
and foreign objects or materials. Stainless steel or nylon sieves may be used when inorganic constituents are to 
be determined. (For inorganic analyses, stainless steel sieves are acceptable provided the mesh is not soldered 
or welded to the frame.)  Stainless steel or brass sieves are suitable for use when organic substances are to be 
determined. (For organic analyses, organic materials such as rubber or plastics should not be used in the 
storage or handling of samples.)   
 
For water sampling, specifications on container design, including shape, volume, gas tightness, materials of 
construction, and use of cap liners, are defined for specific parameters or suites of parameters (for example, 
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amber glass containers protect photosensitive analytes, such as polychlorinated biphenyls (PCBs) from 
chemical alteration). Specifications for sample container selection are documented in parameter-specific 
analytical methods (for example, ASTM, U.S. EPA SW846, AWWA Standard Methods) as well as in Federal 
(40 CFR Part 136), state, and local regulatory guidelines on groundwater sample collection and preservation.  
Table 1 provides examples of common container materials, colors and volumes. 
 
3.2.1 Reactivity of Container Material with Sample 


Choosing the proper composition of sample containers will help to ensure that the chemical and 
physical integrity of the sample is maintained.  For potentially hazardous material, glass is the 
recommended container type because it is chemically inert to most substances.  Plastic containers are 
not recommended for most hazardous wastes because the potential exists for contaminants to adsorb to 
the surface of the plastic or for the plasticizers to leach into the sample. 


 
In some instances, the sample characteristics or analytes of interest may dictate that plastic containers 
be used instead of glass.  Because some metals species will adhere to the sides of glass containers in an 
aqueous matrix, plastic bottles must be used for samples collected for metals analysis.  In the case of a 
strong alkali waste or hydrofluoric solution, plastic containers may be more suitable because glass 
containers may be etched by these compound creating adsorptive sites on the container surface. 


 
3.2.2 Volume of the Container 


The volume of sample to be collected will be dictated by the analytical method and the sample matrix.  
The laboratory must supply bottles of sufficient volume to perform the required analysis.  Table 1 
indicates the container volumes required for the various parameters.  In most cases, the methodology 
dictates the volume of sample material required to complete the analysis.  However, individual labs 
may provide larger volume containers for various analytes to ensure sufficient quantities for replicates 
or other quality control checks. 


 
3.2.3 Color of Container 


Whenever possible, amber glass containers should be used to prevent photodegeneration of the sample, 
except when samples are being collected for metals analysis.  If amber containers are not available, 
containers holding samples should be protected from light.  However, 40-milliliter (ml) clear glass 
vials are often provided by laboratories for aqueous VOC analysis and are acceptable for use. 


 
3.2.4 Container Closures 


Container closures should form a leak-proof seal (i.e., screw caps or ground glass stoppers).  Closures 
must be constructed of a material which is inert with respect to the sampled material, such as 
Polytetrafluoroethylene (PTFE) (e.g., Teflon®).  Alternately, the closure may be separated from the 
sample by a closure liner that is inert to the sample material such as PTFE liner or septum. 


 
3.2.5 Decontamination of Sample Containers 


Sample containers must be laboratory cleaned, preferably by the laboratory performing the analysis.  
The cleaning procedure is dictated by the specific analysis to be performed on the sample.  
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When sampling for organic compounds, if your sample containers are not provided by the analytical 
laboratory, care should be taken to ensure that the containers are properly cleaned and prepared.  
Refer to ASTM Standard D3694-96 Standard Practices for Preparation of Sample Containers and for 
Preservation of Organic Constituents for guidance.  


 
After the sample containers are cleaned, they can be pre-preserved or preserved in the field. 
Information on sample preservation is given in Section 3.4. Sample containers provided by a 
commercial analytical laboratory are cleaned and in many cases pre-preserved by the laboratory. The 
sample bottles should be prepared for shipment accompanied by a chain-of-custody and the cooler 
containing them should be sealed. The chain-of-custody must also accompany the bottles during 
transportation to the field, sample collection, transportation back to the lab, during analysis and final 
disposal of the sample container.  


 
3.3 Sample Labels 


Sample labels may be in the form of adhesive labels or tags, or both.  Tags have the advantage of being 
removable to become part of the record keeping process, although their inadvertent loss or inappropriate 
removal may leave the sample without documentation.  Labels should be made of waterproof paper and 
indelible ink should be used to make entries.  Alternatively, sample information may be written directly on the 
sample container, as long as the writing can be done indelibly.  Containers should be free from other labels 
and other writing to prevent any confusion.  If both tags and labels are used, care should be taken to ensure 
that the information on both is identical.   
 
Labels or tags should be filled out just before or immediately after sample collection.  Labels should contain 
spaces for the following information: 
 
 Project identification code. 
 Sample identifying name 
 Sampling location ID, sampling point ID. 
 Sampling date and time. 
 Analyses desired. 
 Company name. 
 
3.4 Sample Presevation 


The need for sample preservation for specific analytes should be defined prior to the sampling event and 
documented in the site-specific sampling and analysis plan.  Certain analytical methodologies for specific 
analytes require chemical additives in order to stabilize and maintain sample integrity.  Unless the analysis is 
accomplished within 2 hours after sampling, preservation is preferred and usually required. 
 
Preservatives are generally added to the sampling bottles by the laboratory prior to shipment into the field.  If 
the sample bottles are not pre-preserved by the laboratory, preservatives may be added in the field immediately 
after the samples are collected.  Many laboratories provide pre-preserved bottles as a matter of convenience 
and to help ensure that samples will be preserved immediately upon collection.  A problem associated with this 
method arises if not enough sample is collected, resulting in too much preservative in the sample. More 
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commonly encountered problems with this method include the possibility of insufficient preservative provided 
to achieve the desired pH level or the need for additional preservation due to chemical reactions caused by the 
addition of sample liquids to pre-preserved bottles. 
 
3.4.1 Soil 


3.4.1.1 Composite Samples 
 


When composite samples are collected, the appropriate preservation reagents must be added to 
the compositing vessel prior to collection.  If the preservation requirements call for 
refrigeration, the sample must be refrigerated during the collection.  The collection time for a 
single composite sample should not exceed 24 hours.  If longer sampling periods are 
necessary, a series of composite sample should be collected. 


 
3.4.1.2 Grab Samples 


 
In the absence of specific instructions, storage at a temperature of 4°C or lower for a period of 
time not to exceed 1 week is recommended. 


 
3.4.1.3 Sediment Samples 


 
Sediment samples intended for both organic and inorganic compound analysis may undergo 
changes in composition during storage.  The analytical method should specify the conditions 
necessary to assure requisite stability.  In the absence of specific instructions, storage at a 
temperature of 4°C or lower for a period of time not to exceed 1 week is recommended, 
although it is known that microbiological activity does not cease under these conditions. 


 
3.4.2 Water 


3.4.2.1 Groundwater Samples 
 


Groundwater samples are subject to chemical, physical, and biological change at the ground 
surface relative to in-situ conditions as a result of exposure to ambient conditions during 
sample collection.  
 
Groundwater sample preservation procedures are grouped into two general categories: (1) 
physical preservation and (2) chemical preservation. Groundwater samples should be preserved 
in the field at the time of sample collection using physical means to prevent sample container 
breakage or temperature increases, and chemical means to minimize changes in groundwater 
sample chemistry prior to laboratory analysis. 
 
Physical groundwater sample preservation methods include: (1) use of appropriate sample 
collection containers for each parameter being analyzed, (2) use of appropriate sample 
collection procedures (i.e. making sure there are no air bubbles in VOA vials) (3) use of 
appropriate packing of sample containers for shipment to prevent sample container breakage 
and potential cross-contamination of samples during shipment, and (4) temperature control.  
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Samples are cooled to reduce biological activity on the organic chemicals.  Cool the sample to 
4°C immediately after sampling using a wet ice water bath.  During storage or shipment, or 
both, maintain the sample at 4°C.  A temperature blank should be used with each shipping 
container of samples to determine actual sample temperatures at the time the sample shipment 
is received by the laboratory.   


 
Chemical preservation of groundwater samples involves the addition of one or more chemicals 
(reagent-grade or better) on a parameter-specific basis to protect sample integrity.  Table 1 
provides examples of common analyte-specific chemical preservation methods.  Chemical 
preservation is specified in numerous analytical methods as well as in various regulatory 
guidance documents such as 40 CFR Part 136.3.  Chemicals can be used to adjust sample pH 
or inhibit microbial activity to prevent chemical alteration of samples.  In most cases the 
samples containers will be pre-preserved by the analytical laboratory.  In the case that the 
sample containers are not pre-preserved, refer to ASTM D 6517-00 Standard Guide for Field 
Preservation of Ground-Water Samples for guidance.  
 
After the sample container is filled and preserved, it should be securely capped and gently 
inverted to ensure uniform distribution of the preservative throughout the sample. 
 
Preservation must take place immediately upon sample collection except when samples are to 
be filtered.  Samples requiring filtration must be processed immediately after collection.  
Filtered samples are then preserved immediately following the filtration process. 
 
Samples must be placed into a cooler and maintained at 4°C immediately upon collection and 
preservation. 
 
When collecting samples in pre-preserved containers, care must be taken not to pre-rinse the 
container with the sample and to avoid overfilling the container to prevent loss of chemical 
preservative.  It may be necessary to establish site-specific protocol to address acceptable 
periods for storage and storage conditions for pre-preserved sample containers due to the 
potential for chemical reactions to occur between the chemical preservative and the empty 
sample container 
 
Records should be kept for all forms of sample preservation used for groundwater samples. 
The following should be reported:  
 
 Type of sample container(s) used for each parameter being analyzed (volume, 


materials of construction, type of cap, etc.); 
 
 Packaging method(s) used to prevent sample bottle breakage during sample storage and 


shipment;  
 


 How groundwater samples were cooled to 4°C, if required for physical preservation;  
 


 Chemical preservative(s) used on a parameter-specific basis; 
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 Description of appearance of unpreserved and preserved samples, specifically noting 
any chemical reactions which may occur upon addition of chemical preservative (for 
example, effervescence, formation of precipitates, change in color). 
 


3.4.3 Air/Vapor Samples 


Air/Vapor samples are subject to chemical, physical, and biological change as a result of exposure to 
ambient conditions following sample collection.  


 
Air /vapor samples should be placed in within a container in the field at the time of sample collection 
to prevent exposure of the sample to sunlight or temperature extremes (<10 C or > 30C, to minimize 
changes in the sample chemistry prior to laboratory analysis. 


 
3.5 Chain-Of-Custody 


The purpose of a chain-of-custody is to provide accountability for and documentation of sample integrity from 
the time the samples are collected until sample disposal.  A chain-of-custody is intended to be a legal form 
documenting sample possession during collection, shipment, storage and the process of analysis.  Chain-of-
custody procedures are necessary in a program to assure the ability to support data and conclusions adequately 
in a legal or regulatory situation. Refer to OP3026 for Operating Procedures on completing a Chain of 
Custody. 
 
A single field sampling person should be assigned responsibility for custody of samples.  An alternate 
custodian should also be assigned to cover the prime custodian’s absence.  As few people as possible should 
handle samples.  The assigned field sampler should be personally responsible for the care and custody of the 
samples collected until they are properly transferred.  While samples are in their custody, field personnel 
should be able to testify that no one was able to tamper with the samples without their knowledge.   
 
A standard chain-of-custody form included in Appendix A has been designed for recording custody 
information related to field sample handling. The following information should be on the form: 
 
 Sample identifying name. 
 Sampling location ID, sampling point ID. 
 Sampling date and time. 
 Sampling interval. 
 Signatures of sampling personnel and signatures of all personnel handling and receiving the samples.   
 Project identification code. 
 Preservation (to alert lab personnel): amount and type. 
 Number of containers.  Indicate number of replicates if there are multiple containers of the same type. 
 Field notes. 
 Analyses desired. 
 Sample type: grab, composite, etc. 
 
When transferring the possession of samples, the individuals relinquishing and the individuals receiving the 
samples should sign, date, and note the time on the custody record.  Provisions should be made for receipt of 
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samples at nonstandard hours, such as nights and weekends by non-laboratory personnel. Shipping documents, 
with noted time of receipt and receipt by whom, should be made part of the custody record. 
 
3.6 Sample Sealing 


Sample custody seals of waterproof adhesive paper may be used to detect unauthorized tampering with samples 
prior to receipt by the lab.  When seals are used, they should be applied so that it is necessary to break them in 
order to open the sample cooler.  It is helpful to cover the custody seal with clear packing tape to ensure the 
security of the cooler.   
 
3.7 Holding Times 


Table 1 lists maximum holding times cited in the U.S. EPA “Guidelines Establishing Test Procedures for the 
Analysis of Pollutants under the Clean Water Act”. Sample containers should be shipped and received by the 
laboratory and as soon as possible to allow sufficient time for the laboratory to perform the requested analyses 
within the holding time defined by the applicable laboratory analytical method for each parameter. 
 
3.8 Sample Storage and Transport 


Field personnel should package and ship samples in compliance with all applicable regulations including the 
Department of Transportation (for example, Title 49 Code of Federal Regulations, Part 172) and the 
International Air Transportation Association (IATA). Samples should be placed in a cooler to be maintained at 
4C.  Special care should be taken when packaging glass (i.e., using bubble wrap). Sample containers should 
be shipped in a manner that will ensure the samples are received intact by the laboratory, at the appropriate 
temperature, and as soon as possible to allow sufficient time for the laboratory to perform the requested 
analyses within the holding time. Samples should be shipped well before the holding time is up and ideally 
should be shipped within 24 hours of sample collection. 
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TABLE 1 - Required Containers, Preservation Techniques, and Holding Times 
Using USEPA-Contract Lab Program Methodologies for Aqueous and Nonaqueous Samples


Parameter Sample Container (1) Container Volume Preservation Maximum Holding Time
Aqueous-G, black 
phenolic plastic screw 
cap, teflon-lined septum


Aqueous 40 ml 10 days


Nonaqueous-G, 
polypropylene cap, white 
teflon liner


Nonaqueous 120 ml 10 days


Total Organic Carbon G - Preferred, P - If 
determined that there is 
no contributing organic 
contamination


100 ml Cool, 4 deg C, dark, 
HCl or H2SO4 to pH<2 
if analysis can't be 
done within 2 hrs


2 Hrs - unpreserved 
28 days - preserved


Base Neutral/Acid 
Extractable 
(Semivolatile) 
Organics


Amber Glass, Teflon lined 
cap


1 liter Cool, 4 deg C, dark Extraction Aqueous 
continuous liquid-liquid 
extraction must be started 
within 5 days 
Non-aqueous - 10 days
Analysis 40 days from 
validated time of sample 
receipt at the lab.


1 liter Aqueous 7 days 


4 oz Non-Aqueous 28 days 
Gasoline in soil 7 days


Pesticide/PCBs Amber G, Teflon lined cap 1 liter Cool, 4 deg C, dark Extraction Aqueous 
continuous liquid-liquid 
extraction must be started 
within 5 days 
Non-aqueous - 10 days
Analysis 40 days from 
validated time of sample 
receipt at the lab.


Aqueous-P bottle, P cap, 
P liner


Aqueous - 1000 ml Aqueous - HNO3 to 
pH<2


Nonaqueous-Flint G 
bottle, black phenolic cap, 
polyethylene liner


Nonaqueous 4, 8, 16, 
or 32 oz


Nonaqueous - 4 deg 
C until analysis


Hexavalent 
Chromium


P, G 400 ml Cool, 4 deg C 24 hrs


Aqueous-P bottle, P cap, 
P liner


Aqueous - 1000 ml Aqueous - HNO3 to 
pH<2


Nonaqueous-Flint G 
bottle, black phenolic cap, 
polyethylene liner


Nonaqueous 4, 8, 16, 
or 32 oz


Nonaqueous - 4 deg 
C until analysis


Phenols G Only 1 liter Cool, 4 deg C, H2SO4 


to pH<2
28 days


Mercury 26 days


180 days


Volatile Organics Cool, 4 deg C, dark, 
0.08% Na2S2O3 if 
residual Cl2 


Metals except 
Mercury


Cool, 4 deg CTotal Petroleum 
Hydrocarbons


G


 







Preservation and Shipment of Environmental Samples (OP3001) 
 
 


 
 


© Haley & Aldrich, Inc. 10 of 10 
Version Date: Mar 2011 Version No.: 1.0 
 


 


TABLE 1 - Required Containers, Preservation Techniques, and Holding Times 
(CONTINUED) 


Parameter Sample Container (1) Container Volume Preservation Maximum Holding Time  
Aqueous-P bottle, P cap, 
P liner


Aqueous - 1000 ml Aqueous - 0.6g 
ascorbic acid if 
residual Cl2, NaOH to 
pH>12, cool, 4 deg C 
until analyzed CaCO3 


in presence of sulfide 


Nonaqueous-Flint Glass 
bottle, black phenolic cap, 
polyethylene liner


Nonaqueous 4, 8, 16, 
or 32 oz


Nonaqueous Cool, 4 
deg C until analyzed


Sulfates P, G 100 ml Cool, 4 deg C 28 days


Sulfides P, G 1 liter Cool, 4 deg C, add 4 
drops zinc acetate per 
100 ml sample, 
NaOH to pH>9


7 days


Chloride P, G 1 liter Cool, 4 deg C 28 days


Total Nitrogen Aqeous - P bottle, P cap, 
P liner


Aqueous - 1000 ml H2SO4 to pH<2 12 days


Cool, 4 deg C, 24 hrs - Unpreserved
H2SO4 to pH<2, (2 
ml/L)


28 days - preserved


Fluoride Aqeous - P bottle, P cap, 
P liner


Aqueous - 1000 ml 4 deg C until analysis 26 days


Excerpt from Appendix 2-1 (NJDEP Field Sampling Procedures Manual, May 1992) which is based on 40 CFR part 136.3
P - Plastic, hard or soft
G - Glass
Na2S2O3 - Sodium thiosulfate
HCl - Hydrochloric acid
Cl2 - Chlorine
H2SO4 - Sulfuric acid
HNO3 - Nitric Acid 
NaOH - Sodium hydroxide 
CaCO3 - Calcium carbonates 


12 daysCyanide


Nitrate P, G 1 liter
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APPENDIX A  
REFERENCES 
 
 
A.1 Reference Procedure 
 
 American Society for Testing and Materials International, Standard Guide for Field Preservation of 


Groundwater Samples, ASTM D 6517-00, April 2000. 
 
 American Society for Testing and Materials International, Standard Guide for Sample Chain-of-


Custody Procedures, ASTM D 4840-99, January 2000. 
 
 American Society for Testing and Materials International, Standard Practice for Collection and 


Handling of Soils Obtained in Core Barrel Samplers for Environmental Investigations, ASTM D 6640-
01, April 2001. 


 
 American Society for Testing and Materials International, Standard Practice for Estimation of Holding 


Time for Water Samples Containing Organic and Inorganic Constituents, ASTM D 4841-88, October 
1985. 


 
 American Society for Testing and Materials International, Standard Practice for Preparation of 


Sediment Samples for Chemical Analysis, ASTM D 3 976-92, December 1992. 
 
 American Society for Testing and Materials International, Standard Practices for Preparation of 


Sample Containers and for Preservation of Organic Constituents, ASTM D 3694-96, March 1997. 
 
A.2 Other References 
 
 New Jersey Department of Environmental Protection, Field Sampling Procedures Manual, May 1992. 
 
 United States Environmental Protection Agency Environmental Response Team, Groundwater Well 


Sampling SOP #: 2007, 26 January 1995. 
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APPENDIX B 
RELATED HALEY & ALDRICH PROCEDURES 
 
 
 OP1004 Operation/Calibration of PID Photoionization Detector 
 
 OP1009 Medical Surveillance Program 
 
 OP1010 Health and Safety Plans 
 
 OP3006 Procedures for Subsurface Soil Sampling and Chemical Analysis 
 
 OP3008 Manual Water Level Measurement Procedure 
 
 OP3009 Monitoring Well Development Procedure 
 
 OP3010 Groundwater Quality Sampling Procedure 
 
 OP3012 Low Stress/Low Flow Groundwater Sample Collection Procedure 
 
 OP3026 Chain of Custody 
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APPENDIX C 
FORMS 
 
Form 3001 Sampling Labels (Environmental) 


Form 3003 Chain of Custody Record (Field) 


Form 3005 Groundwater Sampling Record 


Form 3006 Monitoring Well Devel Rpt 


Form 3010 Low Flow Field Sampling Form 
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APPENDIX D 
GLOSSARY 
 
 
Chemical preservation - the addition of acidic, alkaline or biologically toxic compounds, or combination 
thereof, to a groundwater sample to prevent changes in chemical properties of the sample that may occur after 
collection. 
 
Custody - physical possession or control.  A sample is under custody if it is in possession or under control so 
as to prevent tampering or alteration of its characteristics. 
 
Holding time - the maximum amount of time that may transpire from the moment a sample container is filled 
to the time the sample is extracted or analyzed. Holding times are parameter-specific, variable in length, and 
defined by laboratory analytical methods. 
 
Physical preservation - methods that are implemented to protect the physical integrity of a groundwater sample 
from the time the sample is collected until the sample is analyzed. 
 
Temperature blank - a laboratory quality control sample that is transported with samples and is used by the 
laboratory performing sample analyses to verify that temperature-sensitive samples have been adequately 
cooled to 4°C for shipment to and arrival at the laboratory. 
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APPENDIX E 
CHAIN OF CUSTODY RECORD 
 
 
See three-piece form in Forms cabinet. 
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OPERATING PROCEDURE: OP3026 
 
CHAIN OF CUSTODY 
 
 
1. PURPOSE 
 
 
A chain-of-custody (COC) record will be completed at the time of sample collection and will accompany each 
shipment identifying the contents of the shipment to the laboratory.  The field personnel collecting the samples 
will be responsible for the custody of the samples until the samples are relinquished to the laboratory.  Sample 
transfer will require the individuals relinquishing and receiving the samples to sign, date and note the time of 
sample transfer on the COC record.   
 
Custody is one of several factors necessary for the integrity of environmental data.  Custody procedures help 
to satisfy the two major requirements for assuring sample integrity: relevance and authenticity.  Custody of a 
sample begins when it is collected by or transferred to an individual and ends when that individual relinquishes 
or disposes of the sample.  A sample is under your custody if: 
 


 the item is in actual possession of a person; 
 the item is in the view of the person after being in actual possession of the person; 
 the item was in actual possession but is stored to prevent tampering; or 
 the item is in a designated and identified secure area. 


 
 
2. EQUIPMENT & SUPPLIES 
 
 
1. Haley & Aldrich, Inc. Form 3003- Chain of Custody Record [Appendix C] 
 
2. Indelible ink pen 
 
3. List of analytes 
 
 
3. PROCEDURE 
 
 
Field personnel will keep written records of field activities on applicable preprinted field forms.  The written 
records provide the means of recording data collecting activities.  These records will be written legibly in ink 
and will contain pertinent field data and observations.  Entry errors or changes will be crossed out with a 
single line, dated and initialed by the person making the correction. 
 
Samples will be shipped or delivered to the laboratory so that holding-times and/or analysis times as prescribed 
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by the methodology can be met.  
 
Samples will be transported in containers (coolers) which will maintain the refrigeration temperature for those 
parameters for which refrigeration is required in the prescribed preservation protocols.  Water samples will be 
placed in bubble wrap bags and placed in the sample cooler.  Sample bags for volatile organic compound 
(VOC) analysis will contain no more than three (3) containers per bag while soil VOC samples will be placed 
in individually sealed sample pouches.  Samples in polyethylene containers will be placed directly in the 
sample cooler.  All samples will be placed in an upright position and limited to one layer of samples per each 
cooler.  Additional bubble wrap or packaging material will be added to fill the cooler.  Shipping containers 
will be secured with strapping tape and custody tape for shipment to the laboratory. 


 
If samples are sent by a commercial carrier, a bill of lading will be used.  A copy of the bill of lading will be 
retained as part of permanent documentation.  (Note:  Commercial carriers will not sign the custody record as 
the custody record will be sealed inside the sample cooler and the custody tape remains intact. 


 
Samples will be picked up by a laboratory courier or transported overnight by a courier to the laboratory 
within 48 hours of collection.  Ice will be added to the cooler as needed to maintain proper preservation 
temperatures. 
 
Each sample cooler shipped to the laboratory will contain a chain-of-custody form.  The chain-of-custody form 
will consist of four (4) copies which will be distributed as follows:  The shipper will maintain a copy while the 
other three copies will be enclosed in a waterproof envelop within the cooler with the samples.  The cooler 
will then be sealed properly for shipment.  The laboratory, upon receiving the samples, will complete the three 
(3) remaining copies.  The laboratory will maintain one copy for their records.  One copy will be returned to 
the Field QA/QC Officer upon receipt of the samples by the laboratory.  One copy will be returned with the 
laboratory data deliverables package.  Chain-of-custody (COC) records are legal documents. 
 
The following list provides guidance for the completion and handling of all COCs. 
 
1. COCs used can be project specific forms or supplied by the project analytical laboratory.  
 
2. COCs must be completed in indelible permanent ink only. 
 
3. COCs must be completed neatly using printed text. 
 
4. If a simple mistake is made, correct with a single line and initial and date the entry. 
 
5. If numerous repetitive entries must be made in the same column, place a continuous vertical arrow 


between the first entry and the next different entry. 
 
6. When more than one COC form is used for a single shipment, each form must be consecutively 


numbered using the "Page ___ of ___" format. 
 
7. If necessary, place additional instructions directly onto the COC. Do not enclose separate instructions. 
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8. Include a contact name and phone number on the COC in case there is a problem with the shipment. 
 
9. Do not indicate the source of the sample as this may produce a biased lab result. 
 
10. Before using an acronym on a COC, define clearly the full interpretation of your designation [i.e., 


Polychlorinated Biphenyls - (PCBs)].
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APPENDIX A 
FORMS 
 
  







Phone (617) 886-7400
Fax (617) 886-7700


DELIVERY DATE
TURNAROUND TIME
DELIVERY DATE


Sign Sign A Sample chilled


Print Print B Sample filtered


Firm Firm C NaOH


Date Time Date Time D HNO3


E H2SO4


Sign Sign F HCL


Print Print G Methanol


Firm Firm H Sodium Bisulfate


Date Time Date Time I


Sign Sign


Print Print


Firm Firm


Date Time Date Time


Page of
H&A FILE NO.


Sample No. Date Time


PROJECT NAME
H&A CONTACT


Depth Type Container 
Size


Comments -  (special instructions, precautions, additional 
method numbers, etc.)


No. of 
Containers PreservativesAnalysis Requested


Sampling Comments


Evidence samples were tamperd with?                             YES      NO


If YES, please explain in section below.


PRESERVATION KEY


LABORATORY
ADDRESS
PROJECT MANAGER


Received by


Received by


Received by


Haley & Aldrich, Inc.       
465 Medford St.,               
Suite 2200,                         
Boston, MA  02129-1400


CHAIN OF CUSTODY RECORD


WHITE - Laboratory                    CANARY - Project Manager                    PINK - Haley & Aldrich Laboratory                    GOLDENROD - Haley & Aldrich Contact


Sampled and Relinquished by


Relinquished by


Relinquished by


Form 3002
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APPENDIX B  
GLOSSARY  
 
 
COC – Chain of Custody 
OP – Operating Procedure 
PCB – Polychlorinated Biphenyl 
QA/QC – Quality Assurance/Quality Control 
VOC – Volatile Organic Compound 
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Form B (continued) 
 
The project team consists of a Project Coordinator, Project Manager, Quality Assurance Officer (QAO), 
Laboratory QAO, Data Validation Staff, USEPA Region 1 Quality Assurance Reviewer (QAR), and various 
task leaders and field personnel.  The organization chart above shows the project team.  Personnel 
responsibilities specifically related to Quality Assurance Project Plan (QAPP) activities are as follows: 
 
Elliot I. Steinberg – Program Director 
 
The Program Director will be responsible for administration and implementation of the project and has 
the authority to commit the resources necessary to meet project objectives and requirements.  The 
Program Director will be the primary point of contact and control matters concerning the project and 
will also establish project policy and procedures to address the specific needs of the project as a whole, 
as well as the objectives of each task. 
 
The Program Director will provide final review of submittals to the United States Environmental 
Protection Agency (USEPA) and will participate in technical meetings.  The Program Director is 
responsible for overall technical quality and that the project meets the investigation’s objectives. 
 
Kenneth N. Alepidis - Project Manager 
 
The Project Manager will assist the Project Coordinator in day-to-day project management.  The Project 
Manager will be responsible for coordinating field activities and the procurement of project 
subcontractors as necessary. Additional responsibilities include assisting in monitoring the progress and 
quality of investigative collection, preparing and reviewing reports, and providing technical support of 
project activities. 
 
Richard J. Rago - Haley & Aldrich Quality Assurance Officer (QAO) 
 
The Quality Assurance Officer will be responsible for overseeing the review of field and laboratory data 
and will monitor the application and effectiveness of the QAPP by the analytical laboratory and the 
project staff.  Additional responsibilities include: 
 
 Conducting internal quality checks of the investigation activities and  
 
 Providing input to the Project Manager as to corrective actions required resulting from the 


above-mentioned evaluations. 
 
Data Quality Assessment Staff 
 
The Haley & Aldrich QAO will be assisted by internal data quality assessment staff in the review and 
evaluation of field and laboratory generated data.  The QAO and data quality assessment staff will 
monitor the activities of the contract laboratory and assess whether the Data Quality Objectives (DQOs) 
for the project are met.  The data quality assessment staff will have sole responsibility for review and 
validation of the analytical laboratory data generated as part of this project.  The data quality  
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Form B (continued) 
 
assessment staff will be professionals independent of the laboratory and familiar with the analytical 
procedures performed. 
 
The data quality assessment staff will utilize the USEPA’s “Contract Laboratory Program National 
Functional Guidelines for Superfund Organic Methods Data Review,” USEPA-540-R-08-01, June 2008, 
and the USEPA’s “Contract Laboratory Program National Functional Guidelines for Inorganic Superfund 
Data Review,” USEPA 540-R-10-011, January 2010, and will include a review of each criterion as 
prescribed by the guidelines and be presented in a Data Usability Summary Report (DUSR) for the review 
of each analytical data package. 
 
Carolyn Casey - USEPA Region 1 RCRA Facility Manager 
 
The USEPA Region 1 RCRA Facility Manager is responsible for overview of this project.  This person also 
is responsible for submitting this QAPP and any subsequent revisions or amendments to the appropriate 
USEPA personnel for review and approval and for providing approval of the QAPP.  
 
USEPA Region 1 Quality Assurance Reviewer (QAR) 
 
The USEPA Region 1 QAR’s responsibilities will include: 
 
 Ensures that all environmental information collection activities are covered by appropriate 


quality system documentation; 
 
 Ensures that sampling and analytical methods for routine operations are documented through 


SOPs; 
 
 Assists in determining the need for, type, and frequency of performance evaluation and 


reference samples; and  
 
 Assists in solving QA-related problems. 
 
Field Quality Assurance Responsibilities 
 
The Project Manager or his/her designee is responsible for compliance with field quality assurance 
requirements.  Personnel involved in field investigations and operations are responsible for performance 
of field activities as detailed in this QAPP and in compliance with the DQOs outlined in this document.  
Each staff member receives mandatory monthly Health & Safety training sessions and will take 
reasonable precautions to prevent injury to themselves and to their fellow employees and will promptly 
report any injuries, accidents and/or unsafe conditions to the Project Manager. 
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Form B (continued) 
 
Laboratory Responsibilities 
 
The specific responsibilities of laboratory personnel involved in the project are as follows: 
 
Laboratory Project Manager – Gina Hall (Alpha Analytical) and Jared A. Kelly (MicroVision Labs) 
 
The Laboratory Project Manager will report directly to the Haley & Aldrich QAO and will provide 
resources associated with the laboratory on an as-required basis.  The Technical Representative will be 
responsible for insuring the procedures for reviewing and signing the final laboratory data reports are 
followed including providing Case Narrative descriptions of data quality issues encountered during the 
analyses conducted by the laboratory.  
 
Laboratory QA Officer – James Todaro (Alpha Analytical) and Jared A. Kelly (MicroVision Labs) 
 
The Laboratory QA Designee will have responsibility for review and validation of the analytical 
laboratory data generated as a result of sampling activities. The QA Officer will also define appropriate 
QA procedures, and overview QA/QC documentation. 
 
The Laboratory QAO and/or Staff will conduct internal audits of the laboratory procedures and 
recommend appropriate corrective actions.  The Laboratory QAO reports directly to President of Alpha 
.and will provide written communications, in the form of report narratives, to the Haley & Aldrich QAO 
for anomalies or corrective actions implemented that affect the reported results for the project. 
 
Sample Custodian – Alpha Analytical and MicroVision Staff 
 
The laboratory sample custodian will receive and inspect the incoming sample containers, record the 
condition of the incoming sample containers and sign COC documentation.  The custodian will notify the 
project manager of non-conformances identified during sample receipt and inspection and assign a 
unique identification number to each sample.  After log-in, the sample custodian will initiate transfer of 
the samples to appropriate laboratory sections and monitor access/storage of samples and extracts. 
 
Special Training/Certification Requirements 
 
Field sampling team members have received the 40-hour Hazardous Waste Operations and Emergency 
Response (HAZWOPER) safety training and annual 8-hour refresher courses required by 29 CFR 
Parts 1910 and 1926.  Each subcontractor will be responsible for compliance of their personnel with the 
applicable training requirements. 
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Form C 
Problem Definition 
 
At the request of USEPA Region 1, an ecological risk assessment (ERA) will be conducted on Bass River 
intertidal sediments adjacent to the Former United Shoe Machinery (USM) Facility – South Parcel.  The 
Site locus is shown on Figure 1.  The goal of the ERA is to assess whether metals, potentially associated 
with apparent slag materials observed along the shoreline of the Retail Development Portion of the 
Former USM South Parcel (the Site), may be elevated in sediments.  The working hypothesis is that the 
levels of metals would be within the range seen in upstream/reference locations (local conditions).  
Bioavailability will also be considered if acid volatile sulfides in sediment exceed the sum of potentially 
toxic divalent metals. 
 
The sediments adjacent to the Former USM Facility - South Parcel are located in an estuarine 
embayment that receives both freshwater from an upstream source (Shoe Pond) and tidal saltwater 
intrusion from a downstream source (Beverly Harbor).  We understand a Screening Level Ecological Risk 
Assessment (SLERA) was previously conducted by others for the Upper and Lower Shoe Ponds of the 
Former USM Facility - North Parcel in response to US EPA 2020 Corrective Action initiatives.  This QAPP 
was developed following the preparation and submission to the EPA of a QAPP Data Summary Report, 
dated 31 May 2012, an EPA Ecological Checklist, dated 18 October 2013, and a Human Health Risk 
Evaluation, dated 29 October 2013.   
 
For the Former USM Facility - South Parcel, a significant amount of information on the history, geologic 
conditions, and analytical data (developed in the late 1980s and early 1990s) is available in the MCP 
Phase II – Comprehensive Site Assessment and Phase III – Final Remedial Response Plan.  In connection 
with the current 2020 Corrective Action program, the USEPA reported a “slag” layer observed within the 
northern bank of the Bass River adjacent to the former USM drop forge location.  It is possible the 
reported slag may contain “clinkers” from historical burning of coal which may also contribute trace 
metals.   
 
The USEPA had requested additional information to complete a Current Human Exposures Under 
Control Environmental Indicator Form (CA725), and to evaluate potential ecological risks due to erosion 
and potential mobilization of constituents of concern from the slag layer into the adjacent embayment.  
In 2012, Haley & Aldrich collected shallow soil and “slag” materials for chemical laboratory analyses.  
The sampling program was designed to collect representative materials from the coastal bank above the 
Mean High Water mark (El. 4.5), which corresponds to the property line.  Soil and “slag” samples were 
collected at six locations at approximately 100 ft intervals along the bank (El. 5 to 7).  Detected 
concentrations of metals and PAHs were consistent with levels commonly found in historic fill.  One soil 
sample indicated an anomalously high lead concentration.  Based on Scanning Electron Microscope and 
Energy Dispersive X-ray Spectroscopy (SEM/EDS) analyses, the elevated lead concentration was 
concluded to be associated with red lead antifouling paint originating from long-term use of the area as 
a yacht club, and not representative of the Site soil matrix.  Further inspection during a site inspection 
made to support the Ecological Checklist noted that the “slag” is a stony waste material that has 
undergone decades of substantial weathering. 
 
The tasks to be conducted under this QAPP are described in following sections.  It must be 
acknowledged that the sediments that are the subject of this QAPP are part of an abutting property that  
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Form C (continued) 
 


we understand is currently owned by the Bass Haven Yacht Club and that an access agreement is 
required for conduct of the field investigations described herein. 
 
Field Sampling and Analysis – Conduct a field sampling program to collect sediment and surface water 
samples for laboratory analyses.   
 
Sediment samples will be collected below the bank of the Bass River within the intertidal zone, along 
transects located in three separate areas at or adjacent to the site (Figure 2).  As presented in Figure 2, 
up to twenty (20-two (22) sediment samples will be collected:  12 adjacent to the Site (from five 
transects – Site Transect sTransects S1 through S5), 2 adjoining the Bass Haven Yacht Club (one transect 
– Boat Transect S1), and 68 samples located along the opposite (southern) shoreline of the Bass River as 
a reference location (threefour transects – Reference Transects R1 though R3R4). 
 
Sediment samples will be submitted for laboratory analysis of RCRA 8 metals as well as copper, nickel, 
and zinc (USEPA Methods 6010C and 7471B), and Acid Volatile Sulfides/Simultaneously Extracted Metals 
(AVS/SEM) according to USEPA guidance evaluating the bioavailability of metals mixtures (EPA-821-R-
91-100).   
 
Six sediment samples will be selected adjacent to the site will be analyzed for red lead by Scanning 
Electron Microscopy (SEM/EDS) in an effort to distinguish lead from of boat paint residues.  These 
analyses will be performed by MicroVision Laboratories of Chelmsford, MA. 
 
Surface water samples will be collected at up to six (6) locations within the Bass River providing 
representative coverage in the vicinity of the sediment transects areas at or adjacent to the site (Figure 
2).  The surface water samples will be submitted for laboratory analysis of RCRA 8 metals as well as 
copper, nickel, and zinc by USEPA Methods (6010C/7470A).   
 
In addition to the collection of surface water samples for chemical analysis of metals, surface water will 
be monitored in situ for conventional water quality parameters: dissolved oxygen (DO), pH, 
temperature, salinity, and turbidity.  These data will be measured using a portable water quality sonde 
or a hand-held data collection unit (YSI 600 series or equivalent).   
 
See the Form E Sampling Design for additional sampling details. 


 
QAPP Data Summary Report - A Data Summary Report will be prepared following the conclusion of the 
investigations. 
 
The data report will provide a sample location plan, tabulate the results of the analytical testing, provide 
descriptive statistics of the data, and compare the analytical results to applicable regulatory criteria.  
The laboratory narrative will also be included.  The report will include a separate QA/QC section that will 
summarize data quality information presented in the DUSRs and provide an overall data quality 
assessment compared to the DQOs outlined in this QAPP.  The Haley & Aldrich Project Manager will be 
responsible for preparing the Data Summary Report.  
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Form C (continued) 
 
Metals in sediment will be compared to metal concentrations observed in the Reference Area(s) 
(background) as well as the appropriate sediment effect benchmarks.  Metals in surface water will be 
compared to National Recommended Ambient Water Quality Criteria.  The observations of the 
microscopy analyses (to differentiate lead in slag from of lead derived from antifouling paint residues) 
will also be presented.   
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Form D 
Project Description/Project Timeline 
 
Sediment and Surface Water Data Quality Objective (DQO) 
 
The sediment and surface water DQO is to determine the nature and extent of potential compounds of 
concern (metals) in the sediments adjacent to the property (below the mean high water mark but above 
the mean low water mark of the Bass River tidal inlet) to better inform the ecological assessment of the 
intertidal sediments. 
 
Sediment Investigation 
 
Proposed sediment sampling locations are illustrated on Figure 2.  Samples will be collected between 
the mean high water and mean low water boundaries, along transects that run perpendicular to the 
shoreline in three separate areas.  These areas include: adjacent to the Site, adjacent to Bass Haven 
Yacht Club (boat yard area), and at a reference location on the opposite side of the Bass River.   
 
Up to twenty (20-two (22) sediment samples will be collected and submitted for laboratory analysis of 
the following:  
 
 RCRA 8 metals and copper, nickel, and zinc by USEPA Methods 6010C and 7471B 
 Acid Volatile Sulfides/Simultaneously Extracted Metals (AVS/SEM) according to USEPA metals 


mixtures (EPA-821-R-91-100).  
  


Based on the results of the bulk (total) lead analyses, upUp to six sediment samples will be selected and 
analyzed for the type of lead compound(s) by Scanning Electron Microscopy (SEM/EDS).   This additional 
lead analysis will be doneperformed in an effort to differentiate between lead from the slag and lead 
from boat antifouling paint residuals.   
 
The additional lead SEM analyses are anticipated to be conducted on samples where the highest lead 
concentrations are detected. Although the additional lead analysis is anticipated to be conducted on 
samples collected in the vicinity of boat yard, the SEM/EDS lead analysis may be from any of the total 
lead samples collected within the proposed investigation program, and will ultimately be chosen 
following a review of total lead concentrations and corresponding sampling locations.  
The SEM/EDS lead analysis will be conducted on the two sediment samples collected from Boat Transect 
S1 locations (B-S1-A and B-S1-B) and on the two sediment samples collected from Site Transect S5 
locations (S5-A and S5-B).  Boat Transect S1 and Site Transect S5 are the two sampling transects located 
nearest to the boat yard.  The remaining SEM lead analyses will be conducted on samples with the two 
highest total lead concentrations detected collected from locations within the four remaining Site 
Transects. 
 
Surface Water Investigation 
 
Surface water samples will be collected at up to six (6) locations providing representative coverage in 
the vicinity of the sediment transects areas at or adjacent to the site.  The six surface water samples will 
be submitted for laboratory analysis of RCRA 8 metals plus copper, nickel, and zinc by USEPA Methods 
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(6010C/7470A).  Conventional water quality measurements will be obtained in real time using a portable 
multimeter. 
 
Data Quality Assessment 
 
Following receipt of laboratory analytical data and laboratory quality assurance information, the  
analytical results will be reviewed by the QAO or designee.  The review process will include an  
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Form D (continued) 
 
analytical results will be reviewed by the QAO or designee.  The review process will include an 
assessment for completeness to assess whether the data are consistent with the SW-846 Guidelines.  
The Haley & Aldrich QAO will determine that the required documents are present in the data package 
from the laboratory, initiate requests for missing documentation, and also evaluate the results of 
applicable performance evaluation (blind) QA/QC samples reportedsuch as QC parameters in the 
analysesLaboratory Matrix Spike, Matrix Spike Duplicate and field duplicates.  A DUSR will be produced 
describing the contents of the data package and summarizing the degree of compliance with 
expectations.  The DUSRs will be included in the Data Summary Report. 
      
Data Quality Assessment Summary 
 
The Data Summary Report will include a separate QA/QC section that will provide an overall data quality 
assessment compared to the data quality objectives outlined in this QAPP.  Data that do not meet the 
measurement performance criteria specified in this QAPP will be identified in the DUSRs and the impact 
on the project quality objectives will be assessed and discussed in the Data Summary Report.  Specific 
actions for data that do not meet the measurement performance criteria depends on the use of the 
data, and may require that additional samples be collected or the use of the data be restricted. 
 
Project Timeline 
 
The sediment and surface water sampling activities are proposed to be conducted within 30 days of EPA 
approval of this QAPP, weather permitting.  The summary report will be completed approximately 8 
weeks after site sampling activities are completed. 
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Form E 
Sampling Design 
 
Shallow Sediment Sampling 
 
Sediment samples will be collected along the shoreline of the Bass River below the high water mark but 
above the mean low water line.  Up to twenty (20) sediment samples will be collected in the following 
locations 
 
 Site:  12 samples, along five transects (Site Transect s S1 through S5) adjoining the site 
 Boat Yard:  2 samples, along two transectsone transect (Boat Transect S1) adjoining the Bass 


Haven Yacht Club property 
 Reference: 68 samples along threefour transects (Reference Transects R1 though R3R4) located 


on the opposite side of the Bass River as a reference location 
 
Refer to Figure 2 showing a plan of the subject site and proposed sampling locations.   
 
Sediment samples will be collected by hand sampling using either a Lexan tube core sampler or a hand 
trowel at a depth interval of 0 to 0.5 ft bss (below sediment surface).  Each individual sample will be a 
composite of two cores that will be placed into a disposable pan and mixed to homogeneity to achieve a 
sample that is representative of the 0 - 6 inch sediment depth interval.  A representative subsample of 
this composited material will be placed into the appropriate laboratory sampling containers for the 
analyses to be conducted.   
 
Samples will be submitted for laboratory analysis of the following: RCRA 8 metals as well as copper, 
nickel, and zinc by USEPA Methods 6010C and 7471B, and Acid Volatile Sulfides/Simultaneously 
Extracted Metals (AVS/SEM) according to USEPA metals mixtures guidance (EPA-821-R-91-100).  
Samples will be submitted for analysis at Alpha Analytical Laboratories in Westborough, Massachusetts.  
In addition, Haley & Aldrich will request that the laboratory achieve analytical reporting limits 
sufficiently low for comparison to applicable ecological screening criteria.   
 
Based on the number of proposed sampling transects and number of samples at each location, we 
anticipate collecting approximately 2022 sediment samples.  In accordance with the quality assurance 
program, blind field duplicate samples will also be collected and analyzed as necessary to meet method-
specific QA requirements.  DuplicateBlind field duplicate samples for metals analysis will be identified at 
a rate of one duplicate per 20 samples or less, and will be obtained from the same material as the native 
sample and deposited into a separate sampling container.  These blind duplicate soil samples will be 
collected from parent samples and submitted as separate blind samples where the “subsample 
submitted for analysis with a composition and identity known to the submitter but unknown to the 
analyst”. Laboratory Matrix Spike or Matrix Spike Duplicate analysis will be conducted on samples 
collected for metals analysis at a rate of one duplicate per 20 samples or less.  For samples where 
Laboratory Matrix Spike or Matrix Spike Duplicate analysis will be conducted, additional soil sample 
quantity will be obtained from the same material as the native sample.  The additional soil material will 
be deposited into a separate sampling container and submitted for analysis.  Blind (performance 
evaluation) samples will be collected for metals analysis at a rate of one blind sample per 20 sediment 
samples collected or less.  These duplicate soil samples will be collected from parent samples and 
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submitted as separate blind samples where the “subsample submitted for analysis with a composition 
and identity known to the submitter but unknown to the analyst”. The blind sample will be “used to test 
the analyst's or laboratory's proficiency in the execution of the measurement process”. 
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Form E (continued) 


 
Six selected sediment samples will be analyzed for lead compounds by Scanning Electron Microscopy 
(SEM/EDS) in an effort to differentiate lead from slag vs. lead from antifouling paint residues.  The 
SEM/EDS lead analysis may be conducted on any of the total lead samples collected within the proposed 
investigation program, and will ultimately be chosen following a review of total lead concentrations and 
corresponding sampling locations.will be conducted on the two sediment samples collected from Boat 
Transect S1 locations (B-S1-A and B-S1-B) and on the two sediment samples collected from Site Transect 
S5 locations (S5-A and S5-B).  Boat Transect S1 and Site Transect S5 are the two sampling transects 
located nearest to the boat yard.  The remaining SEM lead analyses will be conducted on samples with 
the two highest total lead concentrations detected collected from locations within the four remaining 
Site Transects. These analyses will be performed by MicroVision Laboratories of Chelmsford, MA. 
 
Surface Water Sampling 
 
Surface water samples will be collected at up to six (6) locations within Bass River providing 
representative coverage in the vicinity of the sediment transects.  The six surface water samples will be 
submitted for laboratory analysis of RCRA 8 metals and copper, nickel, and zinc by USEPA Methods  
(6010C/7470A).  Refer to Figure 2 showing a plan of the subject site and proposed sampling locations.   
 
One surface water sample will be collected from a location along each Site Transect adjacent to the site: 
3 located adjacent to the site, and one sample each upstream and downstream of the site area.  The 
samples will be collected either during an incoming or outgoing tide, at sampling locations near the 
shore (between “A” and “B” sediment sample locations on the transects).  Surface water samples will be 
collected at mid-tide when the flow of the surface water is the strongest, and at approximate mid depth 
of the water column at time of sampling.   At time of sampling, the surface water sampling locations will 
be approached from into/against the stream flow, in an effort to minimize sediment disturbance at the 
sampling area. 
 
Surface water samples will be collected by using either a Beta bottle (Van Dorn type) grab sampler, a 
peristaltic pump, or by manually placing a capped, unpreserved bottle at the required depth and 
uncapping the bottle to collect water beneath the surface.  The bottle would then be capped below the 
surface before retrieval.  The sample will then be transferred into the appropriate laboratory sampling 
container for the analyses to be conducted.   
 
Samples will be submitted for laboratory analysis of the following: RCRA 8 metals in addition to copper, 
nickel, and zinc by USEPA Methods (6010C/7470A).  Samples will be submitted for analysis at Alpha 
Analytical Laboratories in Westborough, Massachusetts.  In addition, Haley & Aldrich will request that 
the laboratory achieve analytical reporting limits sufficiently low for comparison to applicable ecological 
screening criteria.   
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In addition to the collection of surface water samples for metals chemical analysis, water quality 
parameters, including dissolved oxygen, pH, temperature, salinity, and turbidity, will be measured using 
a field portable water quality sonde or hand-held data collection unit (YSI 600 series or equivalent).  The 
water quality probe will be advanced to the same depth as the water sample collection, parameters will 
be allowed stabilize/equilibrate, and water quality readings will be recorded. 
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Form F-1 
Method and SOP Reference Table 
 


Analytical Method Reference Analytical SOP Location 


Microwave Extraction Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 3546 
Procedure No. SOP/02-12 


Appendix A 


Acid Digestion of Sediments, Sludges, 
and Soils  


Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 3050B 
Procedure No. SOP/05-07 


Appendix A 


Inductively Coupled Plasma –Atomic 
Emission Spectrometry 


Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 6010C 
Procedure No. SOP/06-01 


Appendix A 


Mercury In Solid or Semisolid Waste Alpha Analytical, Inc. 
Technical Standard Operating Procedure 
Method 7471B 
Procedure No. SOP/06-03 


Appendix A 


Quality Systems Manual Alpha Analytical, Inc. 
Document No. CQSM/01 


Appendix A 
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Form F-1 (continued) 
 


Analytical Method Reference Analytical SOP Location 


   


Microscopic Analysis for Lead Paint 
Chips 


MicroVision Laboratories, Inc. 
Standard Operating Procedure 
Procedure No. SOP/9-9 
Issue No. 3 
 


Appendix B 


Microscopic Analysis for Coal, Coal 
Ash and Wood Ash 


MicroVision Laboratories, Inc. 
Standard Operating Procedure 
Procedure No. SOP/05-1 
Issue No. 3 


Appendix B 


 


Polarized Light Microscopy Analysis 


 
MicroVision Laboratories, Inc. 
Standard Operating Procedure 
Procedure No. SOP/05-1 
Issue No. 1 


Appendix B 


 


Scanning Electron Microscope 
Analysis 


 
MicroVision Laboratories, Inc. 
Standard Operating Procedure 
Procedure No. SOP/10-01 
Issue No. 1 


Appendix B 


 


Quality Control Manual 


 
MicroVision Laboratories, Inc. 
Issue No. 3 


Appendix B 
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Form F-1 (continued) 
 


Sampling Method Reference Sampling SOP Location 


Operations Over, Near or On Water Haley & Aldrich, Inc. 
Operating Procedure: OP1008 
“Operations Over, Near or On Water” 


Appendix C 


Preservation and Shipment of 
Environmental Samples 


Haley & Aldrich, Inc. 
Operating Procedure: OP3001 
“Preservation and Shipment of Environmental 
Samples” 


Appendix C 


Surficial Soil Sampling Haley & Aldrich, Inc. 
Operating Procedure: OP3003 
“Surficial Soil Sampling” 


Appendix C 


Sediment Sampling Haley & Aldrich, Inc. 
Operating Procedure: OP3004 
“Sediment Sampling” 


Appendix C 


Surface Water Sampling Haley & Aldrich, Inc. 
Operating Procedure: OP3007 
“Surface Water Sampling” 


Appendix C 


Chain of Custody Haley & Aldrich, Inc. 
Operating Procedure: OP3026 
“Chain of Custody” 


Appendix C 


Decontamination Procedure Haley & Aldrich, Inc. 
Operating Procedure: OP3027 
“Decontamination Procedure” 


Appendix C 


Field Data Recording Haley & Aldrich, Inc. 
Operating Procedure: OP3029 
“Field Data Recording” 


Appendix C 


Field Instruments Use Calibration Haley & Aldrich, Inc. 
Operating Procedure: OP3030 
“Field Instruments Use Calibration” 


Appendix C 
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Form F-2 
Sampling and Analytical Methods Requirements 
 


Parameter Matrix 
# of Field Samples 


(duplicates) 
Analytical Method 


Sampling 
SOP 


Containers 
Preservation 


Requirements 
Holding Times 


RCRA 8 Metals 
plus copper, 


nickel, and zinc 


Sediment 2022 (1-3) Extraction: USEPA 
Method 3050B  


Chemical Analysis: 
USEPA Methods 


6010C/7471B 


Appendix C 4 oz amber glass jar 
unpreserved 


cool 4
o 


c 28 days (Hg) 180 days 
(other Metals) to 


extraction; 28 days 
(Hg) 180 days (other 
Metals) to analysis 


Acid Volatile 
Sulfides / 


Simultaneously 
Extracted Metals  


 


Sediment 2022 USEPA 6020A Appendix C 4 oz amber glass jar 
unpreserved 


cool 4
o 


c 14 days 


Red lead Sediment/Slag 6 Scanning Electron 
Microscopy (SEM/EDS) 


Appendix C 8 or 16 oz glass jar None None specified 


        


        


RCRA 8 Metals 
plus copper, 


nickel, and zinc 


Surface Water 6 Extraction: USEPA 
Method 3050B  


Chemical Analysis: 
USEPA Methods 


6010C/7470A 


Appendix C Plastic 500ml HNO3 
preserved 


cool 4
o 


c, HNO3 
preserved 


28 days (Hg) 180 days 
(other Metals) to 


extraction; 28 days 
(Hg) 180 days (other 
Metals) to analysis 
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Form G 
Preventive Maintenance – Field Equipment 
 


 Instrument  Activity   Frequency 


Water quality sonde 
 
 
Beta Bottle water sampler 
 
Peristaltic Pump 


Water quality 
monitoring 
 
Surface water sampling 
 
Surface water sampling 


During surface water sampling 
 
 
During surface water sampling 
 
During surface water sampling 


 


 
The field equipment for this project includes a field-portable water quality meter that measures, pH, 
temperature, specific conductivity, ORP, DO, and turbidity, and surface water samplers (beta bottle, 
peristaltic pump and/or 1 L amber bottle).  Specific maintenance procedures or calibration instructions 
to be followed for field equipment are those recommended by the manufacturer.   
 
Field measurements of ambient surface water quality parameters (above) will be taken before samples 
are obtained for metals. Standard Operating Procedures (SOPs) for the field measurements are provided 
herein. 
 
  


Formatted: Font: +Body (Calibri)







 
 


 


19 


 Revision Number: 1 
 Page: 1 of 1 
 


Form H 
Calibration and Corrective Action – Field Equipment 
 


Instrument Activity Frequency 
Acceptance 
Criteria 


Corrective Action 


Water quality 
sonde 
 


Water quality 
monitoring 


Day before surface 
water sampling 


Per manufacturers 
recomendations 


Per 
manufacturers 
recomendations 


 
Field equipment will be inspected and tested prior to being shipped to the field.  Prior to use in the field, 
the equipment will be calibrated by the vendor, and any performance information will be recorded in 
the field logbook or daily field form.  Any required maintenance will be performed and documented 
prior to the equipment being returned to service.  Maintenance logs for field equipment will be kept in 
the field equipment files.  Critical spare parts for field equipment and replacement field equipment will 
be available, or delivered to the field, if necessary.  Alternately, field equipment vendors can provide 
replacement equipment if needed.  Equipment will be calibrated daily, prior to use.  
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Form I 
Preventive Maintenance – Laboratory Equipment 
 


Instrument Activity Frequency 


GC Injection port septa changed  As needed.  


GC Injection port changed. If response varies or as needed. 


GC Replace septa. Weekly or as needed. 


GC Replace injection port liner. When standard degradation is evident 


GC Replace injection port O-rings. When liner is replaced. 


GC Replace column ferrules When cutting the column 


GC purge and  
trap system 


Replace the trap. If varying surrogate and analyte response or 
excessive analyte carry over. 


GC/MS Internal service technician  services 
instrument, vacuum and diffusion pumps 


As needed due to mechanical failure or 
chromatography degradation. 


GC/MS Air and water leak check Following any instrumental maintenance and 
if high baseline or poor instrument response. 


MS Clean MS source Every six months or when needed due to 
poor response or failed tune criteria. 


MS Replace MS filament During scheduled preventive maintenance or 
as needed. 


ICP Replace / acid wash nebulizer If response factor observed is below 
standard conditions 


ICP Acid rinse pump lines Daily. 


CVAA Replace / acid wash  Daily 
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Form J 
Calibration and Corrective Action – Lab Equipment 
 


Instrument Activity 
List Maintenance, Testing  
and Inspection Activities 


Frequency of 
Calibration 


Acceptance 
Criteria 


Corrective 
Action (CA) 


Person Responsible 
for CA 


Method/SOP 
Reference 


GC/MS 
(SVOA) 


Tune Analysis of DFTPP Prior to calibration and 
each 12 hour period 


See SOP: 
Section 9.1.2 
and Table 1 


Re-analyze 
DFTPP 


Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D-SIM /  


SOP 03-04 


GC/MS 
(SVOA) 


Initial 
Calibration 


Analysis of minimum of 5 points 
for calibration curve 


Prior to sample 
analysis, then as 


needed 


See SOP: 
Section 9.2 


Re-calibrate 
per SOP 


Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D-SIM / 


SOP 03-04 


GC/MS 
(SVOA) 


Continuing 
Calibration 


Analysis of mid-level standard to 
confirm instrument linearity 


Prior to sample analysis 
following tune and 


each 12 hour period 


See SOP: 
Section 9.3 


Re-calibrate 
per SOP 


Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D-SIM /  


SOP 03-04  


GC/MS 
(SVOA) 


General 
Instrument 


Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to HP 


As necessary N/A N/A Christopher 
Wakefield 


Alpha Analytical 
Labs 


USEPA 
8270D-SIM /  


SOP 03-04 


Stereo 
Microscope 


General 
Instrument 


Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to 
manufacturer 


As necessary N/A N/A Jared A. Kelly 


MicroVision Labs 


Quality 
Control 
Manual 


Scanning 
Electron 


Microscope 


General 
Instrument 


Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to 
manufacturer 


As necessary N/A N/A Jared A. Kelly 


MicroVision Labs 


Quality 
Control 
Manual 


Formatted Table
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Instrument Activity 
List Maintenance, Testing  
and Inspection Activities 


Frequency of 
Calibration 


Acceptance 
Criteria 


Corrective 
Action (CA) 


Person Responsible 
for CA 


Method/SOP 
Reference 


Polarized 
Light 


Microscope 


General 
Instrument 


Maintenance 


Preventative Maintenance 
performed as recommended and 


needed according to 
manufacturer 


As necessary N/A N/A Jared A. Kelly 


MicroVision Labs 


Quality 
Control 
Manual 


 


Formatted Table
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Form K 
Sample Handling and Custody Requirements 
 
The procedures for sample handling, labeling, shipping, and chain of custody (COC) documentation are 
provided in the subsections that follow.  Form F-2 contains sample container, preservation and holding 
time requirements. 
 
A. Sample Handling 
 
The procedures used to collect and label the investigation samples are provided in this QAAP.  The 
sample numbering system for the project has been designed to uniquely identify each sample from each 
sampling program and event. 
 
 Example Sample Name:  ID-MMDDYY-HHMM 


 
 Dashes must separate each code section.  


 
 ID - The first code section represents the sample location’s predetermined ID or the four-digit 


Haley & Aldrich employee ID number of the person that collected the sample (for duplicate or 
blank samples).  For employees with two or three numbers in their employee ID number, zeros 
will be added in the front so that the section code contains four numbers. 
 


 MMDDYY - The second code section represents the six digit date that the sample was collected.  
One digit days, months, and/or years will be preceded with a zero (i.e., 070501).  There should 
be NO slashes, dashes, or periods in the date.  The date code should match the sample date 
recorded on the chain of custody. 
 


 HHMM - The third code section represents the time that the sample was collected, in military 
time. One-digit times will be preceded with a zero (i.e., 0101).  There should be NO colons, 
slashes, dashes, or periods in the time.  The time code should match the sample time recorded 
on the chain of custody. 


 
For samples collected as MS/MSD, the ID and date codes will be assigned as described above.  The time 
code will be replaced with the sample code, either MS or MSD. 
 
For samples collected as Field Duplicates, the ID and date codes will be assigned as described above.  
The time code will be replaced with a sample number; 0001 for Field Duplicates.  This will simplify 
sample naming for the QA/QC samples and avoid identifying the parent sample for duplicates.  Parent 
samples will be identified on the Sample Key. 
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The chain-of-custody and sample bottle labels must match and be labeled exactly as detailed above for 
proper entry into data management tools.   
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Form K (continued) 
 
The naming convention described above does not associate samples with the location from which the 
sample was collected.  Therefore, a Sample Identification Key will be used to associate the sample name 
with the sample location.  The Sample Identification Key will be updated upon completion of each 
sample and will contain additional information regarding the sample.  The information on the Sample 
Identification Key will exactly match information on sample bottles and the COC (i.e. date, time, etc.).  
One Sample Identification Key will be completed for each COC and will be submitted to the Haley & 
Aldrich Project Manager. 
 
Information regarding the sample matrix, sampler, date, time, location, depths (if applicable), sample 
type, parent sample (if applicable) and other relevant information will be recorded on the Sample 
Identification Key. 
 
Samples will be placed in shipping coolers containing ice immediately following collection. The samples 
will be shipped to the laboratory by the laboratory courier.  The only exception to this procedure will be 
for samples collected after the courier has picked up the shipment for the day.  In this instance, the 
samples will be shipped on the next business day. The laboratory will group the samples in sample 
delivery groups.  A sample delivery group is a group of 20 or fewer field samples (including field QC 
samples) received by the laboratory within seven (7) calendar days. 
 
B. Sample Custody 
 
Custody of a sample begins when it is collected by or transferred to an individual and ends when that 
individual relinquishes or disposes of the sample.  A sample is under your custody if: 
 
1. the item is in actual possession of a person; 
 
2. the item is in view of the person after being in actual possession of the person; 
 
3. the item was in actual possession but is stored to prevent tampering; or 
 
4. the item is in a designated and identified secure area. 
 
C.  Field Custody Procedures 
 
The quality of data can be affected by sample collection activities.  If the integrity of collected samples is 
in question, the data, regardless of its analytical quality, will also be in question.  Field sampling standard 
operating procedures will provide for the collection of samples representative of the matrix being 
investigated.   
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Form K (continued) 
 
The following procedures will be used to maintain the integrity of the samples: 
 
 Upon collection, samples are placed in the proper containers (Form F-2 contains sample 


container, preservation and holding time requirements). 
 


 Samples will be assigned a unique sample number and will be affixed to a sample label.  The 
information to be placed on the sample label includes: the sample ID number, the sample type, 
the sampler's name, date collected, preservation technique (as applicable), and analytical 
parameter and method to be performed.  Information on the labels will be completed with 
indelible ink. 


 
 Samples will be properly and appropriately preserved by field personnel in order to minimize 


loss of the constituent(s) of interest due to physical, chemical or biological mechanisms. 
 
 Appropriate volumes will be collected so that method or contract required detection limits (or 


quantification limits) may be obtained and that the required level of quality control relative to 
both precision and accuracy may be completed. 


 
 A COC record will be completed during sample collection.  The COC records will accompany the 


samples to the laboratory.  The field personnel collecting the samples will be responsible for the 
custody of the samples until the samples are relinquished to the laboratory.  Sample transfer 
will require the individuals relinquishing and receiving the samples to sign, date and note the 
time of sample transfer on the COC record. 


 
 Samples will be shipped or delivered in a timely fashion to the contract laboratory so that 


holding-times and/or analysis times as prescribed by the methodology can be met. 
 
 Samples will also be transported in containers (coolers) which will maintain the refrigeration 


temperature for those parameters for which refrigeration is required in the prescribed 
preservation protocols. 


 
Field personnel will keep written records of field activities on applicable preprinted field forms or in a 
bound field notebook.  These records will be written legibly to record field data collection activities. 
Field logbooks will be bound field survey books or notebooks with consecutively numbered pages.  
 
The title page of each logbook will contain the following information: 
 
 person to whom or task for which the logbook is assigned; 
 project number; 
 project name; 
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 the starting date for entries into the logbook; and 
 the ending date for entries into the logbook. 
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Form K (continued) 
 
Logbook entries will be made in ink, signed and dated.  If an incorrect logbook entry is made, the 
incorrect information will be crossed out with a single strike mark, initialed and dated by the person 
making the correction.  The correct information will be entered into the logbook adjacent to the original 
entry.  Whenever a sample is collected, a detailed description of the location will be recorded in the 
logbook or standard field form.  Photographs taken at a location, if any, will also be noted in the logbook 
or standard field form.  The equipment used to collect samples, time of sample collection, sample 
description, volume, number of containers and preservatives added (if applicable) will be recorded in 
the field logbook or standard field form.  
 
D. Laboratory Custody Procedures 
 
The laboratory COC procedures will be based upon the National Enforcement Investigation Center 
(NEIC) policies and procedures (USEPA-330/9-78-001-R). It will be the responsibility of the laboratory 
sample custodian to receive the incoming samples.  Once received, the custodian will document that 
each sample is received in good condition (i.e., unbroken, cooled, etc.), that the associated paperwork, 
such as COC forms, have been completed and will sign the COC forms.  In special cases, the custodian 
will document from appropriate sub-samples that COC with proper preservation has been accomplished.  
The custodian will also document that sufficient sample volume has been received to complete the 
analytical program.  Sample containers will be stored in the Custody Room at Alpha Laboratories in 
refrigerators, freezers, or in specific refrigerators and shelves in some of the Laboratory areas. Utilizing 
the Laboratory Information Management System (LIMS), sample containers may be transferred to an 
Individual’s Department, back to Custody, or to Sample Archive. The temperatures of the 
refrigerators/freezers are checked and recorded on a daily basis to ensure that temperatures are being 
maintained. 
 
Consistent with the analyses requested on the COC form, analyses by the contract laboratory's analysts 
will begin in accordance with the appropriate methodologies.  Samples will be removed from secure 
storage only after internal COC sign-out procedures have been followed.  Upon completion of the entire 
analytical work effort, samples will be disposed by the sample custodian.  The samples will be held at 
least thirty (30) days after reports have been submitted.  Disposal of remaining samples will be 
completed in compliance with pertinent regulations. 
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Form K (continued) 
 
E. Final Evidence Files Custody Procedures 
 
The final evidence file for the project will be maintained by Haley & Aldrich and will consist of the 
following: 
 


 Project plan; 
 Project log books; 
 Sample identification documents; 
 COC records; 
 Correspondence; 
 References, literature; 
 Final laboratory reports; 
 Miscellaneous - photos, maps, drawings, etc.; and 
 Final reports. 


 
The final project file materials will be the responsibility of the Haley & Aldrich Project Manager. 
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Form L 
Analytical Precision and Accuracy 


SEDIMENT 


Analyte    - 
Media 


Analytical 
Method 


Ecological Screening Criteria (mg/kg) 
Method 


Detection 
Limits (mg/kg) 


Reported 
Detection 


Limits 


(mg/kg) 


Analytical 
Precision 


Analytical 
Accuracy/Bias 


  
NOAA Effect 


Range-Low (ERL) 
NOAA Effect Range-


Median (ERM) 
    


RCRA 8 Metals, 
copper, nickel, 


zinc  


-sediment  


USEPA 
6010C 


As: 8.2 


Ba: NA 


Cd: 1.2 


Cr(III): 81 


Pb: 46.7 


Se: NA 


Ag: 1 


Cu: 34 


Ni: 20.9 


Zn: 150 


As: 70  


Ba: NA  


Cd: 9.6 


Cr(III): 370 


Pb: 112 


Se: NA 


Ag: 3.7 


Cu: 270 


Ni: 51.6 


Zn: 410 


As: 0.08 


Ba: 0.12 


Cd: 0.028 


Cr: 0.08 


Pb: 0.08 


Se: 0.8 


Ag: 0.4 


Cu: 0.08 


Ni: 0.16 


Zn: 0.28 


As: 0.4 


Ba: 0.4 


Cd: 0.4 


Cr: 0.4 


Pb: 2 


Se: 0.8 


Ag: 0.4 


Cu: 0.4 


Ni: 1 


Zn: 2 


Refer to 
SOP: Table 2 


Refer to SOP: 
Table 2 


Mercury 


–sediment 


USEPA 
7470A 


0.15 0.71 0.0169 0.08  < 20% RPD  Refer to SOP: 
Section 9 


 
Acid Volatile 


Sulfides / 
Simultaneously 


Extracted 
Metals  


– sediment 


 


USEPA 
6020A 


 


130 umole/gram 
TOC 


 


- 


 


 


(umole/gram) 


AVS: 0.312 


Cd: 0.000557 


Cu: 0.003831 


Pb: 0.001209 


 


(umole/gram) 


AVS: 0.624 


Cd: 0.00178 


Cu: 0.0157 


Pb: 0.00966 


 


< 20% RPD  


 


Refer to SOP: 
Section 9 
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Form L 
Analytical Precision and Accuracy 
 


 


2 


Analyte    - 
Media 


Analytical 
Method 


Ecological Screening Criteria (mg/kg) 
Method 


Detection 
Limits (mg/kg) 


Reported 
Detection 


Limits 


(mg/kg) 


Analytical 
Precision 


Analytical 
Accuracy/Bias 


  
NOAA Effect 


Range-Low (ERL) 
NOAA Effect Range-


Median (ERM) 
    


Ni: 0.001528 


Zn: 0.007437 


Ni: 0.034 


Zn: 0.0306 


 
Revision Number: 1 


      Page: 2 of 2 
Form L (continued) 


 
SURFACE WATER 


Analyte    - 
Media 


Analytical 
Method 


Ecological Screening Criteria 
(mg/l) 


Method 
Detection 


Limits (mg/l) 


Reported 
Detection 


Limits 


(mg/l) 


Analytical 
Precision 


Analytical 
Accuracy/Bias 


  
USEPA NRWC 


Saltwater CCC 
     


RCRA 8 
Metals, 


copper, nickel, 
zinc  


-surface water  


USEPA 
6010C 


As: 0.036 


Ba: NA 


Cd: 0.0088 


Cr(III): NA 


Pb: 0.0081 


Se: .071 


Ag: NA 


Cu: 0.0031 


Ni: 0.0082 


 As: 0.002 


Ba: 0.003 


Cd: 0.0007 


Cr: 0.002 


Pb: 0.002 


Se: 0.003 


Ag: 0.002 


Cu: 0.002 


Ni: 0.004 


As: 0.005 


Ba: 0.01 


Cd: 0.005 


Cr: 0.01 


Pb: 0.01 


Se: 0.01 


Ag: 0.007 


Cu: 0.01 


Ni: 0.025 


Refer to 
SOP: Table 


2 


Refer to SOP: 
Table 2 
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Form L 
Analytical Precision and Accuracy 
 


 


3 


Analyte    - 
Media 


Analytical 
Method 


Ecological Screening Criteria 
(mg/l) 


Method 
Detection 


Limits (mg/l) 


Reported 
Detection 


Limits 


(mg/l) 


Analytical 
Precision 


Analytical 
Accuracy/Bias 


  
USEPA NRWC 


Saltwater CCC 
     


Zn: 0.081 Zn: 0.007 Zn:0.05 


Mercury 


-surface water 


USEPA 
7470A 


0.00094  0.000066 0.0002 < 20% RPD  Refer to SOP: 
Section 9 


 
References: 
NOAA Screening Quick Reference Table for Inorganics in Sediment. 
http://response.restoration.noaa.gov/environmental-restoration/environmental-assessment-tools/squirt-cards.html 
USEPA, National Recommended Water Quality Criteria (NRWQC) Saltwater CCC, available at 
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm
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Form M-1 
Field Quality Control Requirements 
 


QC Sample Frequency Acceptance Criteria Corrective Action 


Field duplicate At least 5% metals 
samples 


%Recovery 75-125 LCL/UCL; 


<50% RPD 


Qualify results as appropriate; 
evaluate results for sample 
homogeneity and matrix 
interference 
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Form M-2 
Laboratory Quality Control Requirements 
 


QC Item Frequency Methodology Acceptance Criteria Corrective Action 


Method Blank One per 
extraction/digestion 
batch of 20 samples or 
less 


Method blank is subjected to 
same reagents and 
procedures as a field sample 


No target analytes above the 
QL  
 


Investigate source of contamination.  
Reanalyze for confirmation. 
If samples are < QL, report with narrative.  
If samples > QL, re-extract/digest and/or re-
analyze if sufficient volume. 


Laboratory Matrix 
Spike or Matrix 
Spike Duplicate 


1 per batch of 20 
samples or less, where 
applicable   


Second aliquot of field sample 
is prepared/analyzed or 
second aliquot of field sample 
is spiked with known 
concentration of analyte(s) 


Metals: See SOP: Table 2 If RPD criteria is exceeded, evaluate matrix, 
reanalyze or report w/narrative. 
 
For % recovery, refer to corrective action for 
matrix Spikes. 


Laboratory Control 
Sample or 
Laboratory Control 
Sample Duplicate 


One per 
extraction/digestion 
batch of 20 samples or 
less 


Reagent Water or blank 
matrix is spiked with known 
concentration of analyte(s) 


Metals: See SOP: Table 2 Re-analysis of LCS for confirmation. 
If LCS %R are high but sample results are <QL, 
narrate. 
If LCS %R is below criteria, re-extract or re-
digest entire batch. 


Surrogates Added to every sample, 
blank and standard 
prior to sample analysis 


Known concentrations of non-
target analytes added to each 
sample for Organic analysis 


PAHs: See SOP: Table 2 
 


If surrogate(s) are above criteria and sample 
is non-detect for all target analytes, report 
original analysis with narrative. 
If not, re-analyze or re-extract and reanalyze 
sample and report with narrative. 


Internal Standards 
(ISs) 


Added to every sample, 
blank and standard 
prior to sample analysis, 
where applicable 


Known concentrations of non-
target analytes added to each 
sample for organic analysis 
performing  internal standard 
calibration 


Area within 50-200% and RT 
within 0.5 min of IS in 
associated Calibration 
Standard 
 


Re-analysis of sample(s) as per requirements 
of applicable SOP if sample volume is 
available and within method-required 
holding time. 
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Form M-2 (continued) 


 
QC Item Frequency Methodology Acceptance Criteria Corrective Action 


Internal References 
and Standards  


Reviewed as necessary MicroVision Laboratories, Inc. 
has compiled a number of 
internal standards covering 
the main particle types 
examined for in this analysis, 
as well as the typical look 
alike nonexempt materials. 


The data collected from these 
standards, as well as the data 
in our in house reference 
books (i.e. The Particle Atlas 
by McCrone/Delly), serve as 
our internal references and 
standards. 


Analyst oversight and 
interpretation of direct data 
always offers a potential 
source of errors in data. In 
order to minimize the 
potential for these errors, all 
sample reports are 
examined by at least one 
other analyst before results 
are released to a client. 
Additionally, procedure for 
any new analysis is 
supervised and duplicated 
by another analyst and/or 
management officer before 
data is released or reported. 
Analysts are encouraged to 
cross check their findings 
with other analysts to 
ensure that proper 
interpretation of direct data 
is attained, and that there 
are no significant factors 
that might allow for 
alterations or contamination 
of data. 


In the event that internal quality assurance 
methods are insufficient, it is possible that 
data that is incorrect or does not accurately 
represent the metrics desired by the client 
might be released. Should this be brought to 
the attention of MicroVision Labs, the 
original samples will be re-prepared where 
possible. Additional analysis of the samples 
will then be undertaken, with the 
instrumentation used in the analysis being re-
calibrated where appropriate. Two analysts 
will oversee the re-analysis of the sample. 
Both the original issue with the reported data 
and the subsequent re-analysis will be 
overseen by the involved analysts, as well as 
a representative of management. A revision 
to the data or reporting will be documented, 
with the original copy maintained. The 
revision will be dated, and the discrepancies 
or findings clearly enumerated therein. Any 
procedural improvements or insights gained 
through this exercise will be communicated 
to the client, as well as documented and 
examined at quality improvement meetings. 
Any quality concern will not be considered 
resolved until both management and the 
impacted clients are completely satisfied that 
the issue has been resolved, both for that 
issue and for any potential subsequent 
analysis. 
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Form N 
Data Management Documentation 


 
When applicable, data will be transferred to electronic format through a variety of software packages 
and tools.  The following summarizes the electronic data management procedures and associated 
QA/QC: 
 
 Soil sampling logs will be transferred to electronic log forms that will be checked against field-


generated information and edited accordingly.  
 
 Exploration locations and elevations will be checked by hand level against existing topographic 


plans upon completion of the field program for transfer to the Site Plan. 
 
 Chemical data will be transferred electronically from the laboratory to the project team.  Data 


and corrections that require manual entry will be checked against the printed versions of the 
chemical analysis reports provided by the laboratory.  
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Form O 
Assessment and Response Actions 
 
Assessments consisting of internal and external audits may be performed during the project.  Internal 
audits will be conducted to verify that sampling and analyses are being performed in accordance with 
the procedures established in this QAPP.  External field and laboratory audits may be conducted by 
USEPA. 
 
Internal audits of field activities will include the review of sampling procedures conducted by Haley & 
Aldrich staff to verify that specified procedures are being followed.  Field audits will be performed by the 
QAO or his designee.  An internal field audit will be conducted during the sampling event.  The audit will 
include examination of the following: 
 
i) Field sampling records; 
ii) Sample collection; 
iii) Handling and packaging in compliance with procedures; 
iv) Maintenance of QA procedures; and 
v) COC reports. 
 
Corrective action resulting from the internal field audit will be implemented promptly if data may be 
adversely affected due to unapproved or improper use of approved methods.  The QAO or designee will 
identify deficiencies and recommended corrective action to the Project Manager.  The field team will 
perform implementation of corrective actions, if necessary.  Corrective action will be documented in the 
field logbook and/or the project file.   
 
USEPA Region 1, any time during the field operations, may conduct an external field technical system 
audit.  These audits may or may not be announced and are conducted at the discretion of USEPA 
Region 1. External audits will be conducted as required, by appropriate QA personnel of the USEPA 
Region 1 and may be conducted at least once prior to sampling and analysis activities.  External audits 
may include of the following: 
 
i) Review of laboratory analytical procedures; 
ii) Laboratory on-site visits; and/or 
iii) Submission of performance evaluation samples for analysis. 


 
Failure of any of the above audit procedures can lead to laboratory disqualification. An on-site review 
can consist of: 
 
i) Sample receipt procedures; 
ii) Custody, sample security, and log-in procedures; 
iii) Review of QA procedures; 
iv) Review of log books; 
v) Review of analytical SOPs; and/or 
vi) Personnel interviews. 
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Form O (continued) 
 


A review of a data package from samples recently analyzed by the laboratory can include (but not be 
limited to) the following: 
 
i) Comparison of resulting data to the SOP or method; 
ii) Verification of initial and continuing calibrations within control limits; 
iii) Verification of surrogate recoveries and instrument timing results; 
iv) Review of extended quantitation reports for comparisons of library spectra to instrument 


spectra, where applicable; and or 
v) Assurance that samples are prepared and analyzed within holding times. 
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Form P 
Project Reports 
 
A Data Summary Report will be prepared following the conclusion of the investigations.  The data report 
will provide a sample location plan, summarize the results of the analytical testing, provide summary 
statistics of the data, and compare the analytical results to applicable standards. The laboratory 
narrative will also be included.   
 
The report will include a separate QA/QC section that will summarize data quality information presented 
in the DUSRs and provide an overall data quality assessment compared to the DQOs outlined in this 
QAPP.  
 
The Haley & Aldrich Project Manager will be responsible within the organizational structure for 
preparing the Data Summary Report. 
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Form Q-1 
Evaluation of Sampling Procedures 
 
The sampling procedures will be recorded in the field on the designated field data sheets and/or field 
notebooks.  The field data sheets will be reviewed by the Project Manager and QAO to determine that 
proper documentation of sample identification, source, date and time of sampling, sampling equipment 
utilized, name(s) of persons performing the sampling and field observations is provided. 
 
Sample handling procedures will be recorded on the chain of custody form.  The chain-of custody forms 
will be reviewed by the Project Manager and QAO to determine that proper documentation of sample 
identification and sampling date; number, type and size of containers; preservatives used, if any; and 
signatures is provided. 
 
The field team will be in daily contact with the Project Manager to discuss sampling procedures and 
events and any deviations from Operating Procedures. 
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Form Q-2 
Data Evaluation and Validation 
 
Laboratory data will be reviewed under the direction of the QAO.  Field data and logbooks will be 
reviewed to determine whether the requirements of the sampling program, including the number of 
samples and locations, sample collection procedures, and sample handling, were fulfilled and are in 
compliance with the requirements of this QAPP.  If alternate sampling procedures were used, the 
acceptability of the procedure will be evaluated to determine the effect on the usability of the data. 
 
Sample handling records will be reviewed to determine whether sample integrity has remained intact 
from collection to laboratory receipt and that samples were properly preserved.  COC documentation 
and sample condition upon laboratory receipt will be reviewed.  The data from samples for which the 
COC or sample identification cannot be confirmed may be rejected.  The data for samples that were not 
properly preserved may be qualified or rejected depending on the severity of the deviation from the 
requirements of this QAPP.  Data qualification will be consistent with the action specified in the National 
Functional Guidelines.  Laboratory data will be reviewed to confirm that the methods used to analyze 
the samples were consistent with the requirements of this QAPP.  QC data will be reviewed to 
determine compliance with the acceptance criteria specified in this QAPP.  QC data that do not meet the 
acceptance criteria will result in sample data qualification.  
 
Evaluation and Validation Methods 
 
The completeness of each data package will be determined under the direction of the QAO.  
Completeness checks will be administered on the data to determine whether required deliverables 
specified in the QAPP are present.  At a minimum, deliverables will include sample COC forms, analytical 
results, QC summaries and supporting raw data from instrument printouts.  The review will determine 
whether required items are present and request copies of missing deliverables. Data quality assessment 
of the analytical data will be performed by the QAO or the designee based on the evaluation criteria 
outlined in "USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 
Review", USEPA 540/R-99/008, October 1999, "USEPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review", USEPA 540/R-01-008, July 2002.  The evaluation and action 
criteria specified in these documents will be used for further qualification of the data. Qualifiers 
assigned to the data will be consistent with those specified in the National Functional Guidelines. 
 
Data quality assessment will be performed using the laboratory quality control summary data and 
supporting deliverables and will consist of the following components, if applicable:  


 
Organic Analysis 
i) technical holding times; 
ii) GC/MS instrument performance check; 
iii) initial and continuing calibration; 
iv) internal standard performance; 
v) method blanks; 
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Form Q-2 (continued) 
 
vi) system monitoring compounds (surrogate spikes); 
vii) MS/MSD results; and 
viii) LCSs. 
 
Inorganic Analysis 
i) technical holding times; 
ii) initial calibration; 
iii) initial and continuing calibration verification; 
iv) method blanks; 
v) ICP interference check samples; 
vi) ICP serial dilutions; 
vii) LCSs; 
viii) MS/MSD and matrix duplicate results; and 
ix) field duplicate samples. 


 


The Project Manager and or their designee will document the completion of audit reports and confirm 
the implementation of corrective action reports.  Data determined to be unusable may require 
corrective action.  Potential types of corrective action may include re-sampling by the field team or 
reanalysis of samples by the laboratory. 
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Form R 
Data Usability 
 
The overall usability of the data will be assessed by evaluating the Precision, Accuracy, 
Representativeness, Comparability, Completeness and Sensitivity (PARCCS) of the data set using basic 
statistical quantities as applicable.  The procedures and statistical formulas to be used for these 
evaluations are presented in the following subsections. 
 


A. Precision 
 


Project precision will be evaluated by assessing the relative percent difference (RPD) data from field 
duplicate samples.  Analytical precision will be evaluated by assessing the RPD data from either 
duplicate spiked sample analyses or duplicate sample analyses.  The RPD between two measurements is 
calculated using the following simplified formula: 
 


X100%


RR


RR
=RPD


2
21


21






 


 
 where: R1=value of first result 


   R2=value of second result 


 
Overall precision for the sampling programs will be determined by calculating the mean RPD for  
field duplicate pairs.  This will provide an evaluation of the overall variability attributable to the sampling 
procedure, sample matrix, and laboratory procedures in each sampling program. 
 
The overall precision requirement will be the same as the project precision. The calculation of the mean 
RPD will only include the RPD values for field duplicate sample data that are greater than or equal to 10 
times the quantitation limit for an analysis. 
 
B. Accuracy/Bias 
 
The data from method/preparation blank samples, surrogate spikes, MS/MSD samples and Lab Control 
Sample (LCS) will be used to determine accuracy and potential bias of the sample data. 
 
The data from method/preparation blank samples provide an indication of laboratory contamination 
that may result in bias of sample data.  Sample data associated with method/preparation blank 
contamination will have been identified during the data verification/validation process.  Sample data 
associated with method/preparation blank contamination are evaluated during the data validation 
procedure to determine if analytes detected in the samples and the associated method/preparation 
blanks are the result of laboratory contamination.  The affected sample data will be qualified in 
accordance with the procedures prescribed in the National Functional Guidelines. 
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Form R (continued) 
 
Surrogate spike recoveries provide information regarding the accuracy/bias of the organic analyses on 
an individual sample basis. The percent recovery data provide an indication of the effect that the sample 
matrix may have on the preparation and analysis procedure.  Sample data exhibiting matrix effects will 
have been identified during the data verification/validation process. 
 
Matrix spike sample data provide information regarding the accuracy/bias of the analytical methods 
relative to the sample matrix.  Matrix spike samples are field samples that have been fortified with target 
analytes prior to sample preparation and analysis.  The percent recovery data provide an indication of the 
effect that the sample matrix may have on the preparation and analysis procedure.  Sample data 
exhibiting matrix effects will have been identified during the data verification/validation process. 
 
Analytical accuracy/bias will be determined by evaluating the percent recovery data of LCS tests.  LCSs 
are artificial samples prepared in the laboratory using a blank matrix that is fortified with analytes from 
a standard reference material that is independent of the calibration standards.  LCS are prepared and 
analyzed in the same manner as the field samples.  The data from LCS analyses will provide an indication 
of the accuracy and bias of the analytical method for each target analyte. 
 
Percent recovery is calculated for MS and LCSs using the following formulas: 
 
 MS: 
 


%R    =    
SSR - SR


SA   X   100 


 
 where: SSR = Spiked Sample Result 


   SR = Sample Result or Background 
   SA = Spike Added 
 


LCS: 
 


%R    =     SASSR/  X   100 


 
 where: SSR = Spiked Sample Result 


   SA = Spike Added 
 


The percent recovery of samples is determined by dividing the measured value by the true value and 
multiplying by 100. 
 
Overall accuracy/bias for the sampling events will be determined by calculating the percent of accuracy 
measurements that meet the specified measurement performance criteria.  
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Form R (continued) 


C. Sample Representativeness 
 
Representativeness expresses the degree to which field data accurately and precisely represent a 
characteristic of a population, parameter variation, or environmental condition.  Representativeness is a 
qualitative assessment based upon observed conditions and measurements.  Sampling design, sampling 
locations, and sample collection methods play a major role in determining how representative a given 
sample set may be. The RPD of field duplicates is one quantitative measure of representativeness.  
Assessment of representativeness should also consider qualitative observations such as site history, 
Conceptual Site Model, visual and olfactory observations, physical features, and other factors.  
Representativeness of the samples will be assessed by reviewing the results of field audits and the data 
from field duplicate samples.  Overall sample representativeness will be considered acceptable if the 
results of field audits indicate that the approved sampling methods or alternate acceptable sampling 
methods were used to collect the samples and the field duplicate RPD data are generally acceptable. 
 
D. Completeness 
 
Completeness will be assessed by comparing the number of valid (usable) sample results to the total 
possible number of results within a specific sample matrix and/or analysis.  Percent completeness will be 
calculated using the following formula: 
 


% Completeness = 
Number of Valid (usable) measurements


 Number of Measurements Planned  X 100 


 


Overall completeness will be assessed by calculating the mean percent completeness for the entire set 
of data obtained for each sampling program.  The overall completeness will be calculated when the 
sampling and analysis is concluded.  Overall completeness will be considered acceptable if at least 
90 percent of the data planned for collection are determined to be valid. 
 
E. Comparability 
 
The comparability of data sets will be evaluated by reviewing the sampling and analysis methods used to 
generate the data for each data set.  Project comparability will be determined to be acceptable if the 
sampling and analysis methods specified in this QAPP and any approved QAPP revisions or amendments 
are used for generating the soil, sediment, groundwater and surface water data. 
 
F. Sensitivity and Quantitation Limits 
 
The quantitation limits for the sample data will be reviewed to determine that the sensitivity of the 
analyses was sufficient to achieve the criteria identified in the data quality objectives (i.e., human and 
ecological exposures screening criteria), where possible.  Where the criteria are below the reported 
detection limit, results between the method detection limit (MDL) and RDL will be reported as 
estimated and used as a basis for identifying potential compounds of concern.  Compounds not 
observed above the MDL will not be considered compounds of potential concern.  The 
method/preparation blank   


Formatted: Font: +Body (Calibri)


Formatted: Font: +Body (Calibri)


Formatted: Font: +Body (Calibri)


Formatted: Font: +Body (Calibri)


Formatted: Font: +Body (Calibri)







 


 


17 


 Revision Number: 1 
 Page: 4 of 4 
 


Form R (continued) 
 
sample data and LCS percent recovery data will be reviewed to assess compliance with the specified 
measurement performance criteria. 
 
Overall sensitivity will be assessed by comparing the sensitivity for each monitoring program to the 
detectability requirements for the analyses.  Overall sensitivity will be considered acceptable if 
quantitation limits for the samples are less than the applicable evaluation criteria. 
 
G. Data Limitations and Actions 
 
Data use limitations will be identified in the Data Summary Report.  Data that do not meet the 
measurement performance criteria specified in this QAPP will be identified and the impact on the 
project quality objectives will be assessed and discussed in the Data Summary Report.  Specific actions 
for data that do not meet the measurement performance criteria depends on the use of the data, and 
may require that additional samples be collected or the use of the data be restricted.   
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Preliminary Technical Review of Quality Assurance Project Plan (QAPP) for Sediment 
Investigations Retail Development – South Parcel Shoreline former United Shoe Machinery 
(USM) Facility Beverly MA (MAD043415991), dated October 2014  (EPA’s initial  
comments sent via email dated 11/17/14, Facility responses sent via email dated 2/9/14, EPA 
responses sent via email dated 5/6/15)  


1) Form B page 3 of 4 
Please revise the text to reflect that Carolyn Casey will be the US EPA RCRA Facility Manager. 
 
Facility Response 
Requested revision will be made in an Addendum Sheet to QAPP, to be submitted following 
consensus on our responses to the balance of your comments herein. 
 
EPA Response: Acknowledged. 
 
EPA Response to revised document dated Aug 2015 
Revision made, no further comment. 


2) Form C page 2 of 3 
Field Sampling and Analysis 


 
The third paragraph state that six samples will be selected for red lead analysis. Why six samples 
and how will these be selected?     
 
Facility Response 
The objective of the red lead analyses is to discriminate between lead from the boat yard (e.g. red 
lead used on boat hulls) and lead from the site. Six samples are considered a sufficient 
percentage of the total data set, based on selection by total lead concentrations, to discriminate 
between red lead from the boat yard from and lead from the site.  Red lead is not an issue related 
to client’s site.  


 
EPA Response: If red lead is not a site related issues, this sounds like a reasonable way to 
differentiate.  It’s not clear what the statement “based on selection by total lead concentrations” 
means.  Please clarify. Where are the six proposed sample locations?  It’s not clear from the 
figure provided. 
 
EPA Response to revised document dated Aug 2015 
No response to this comment was provided and no apparent revisions to the QAPP were made to 
clarify.  Please verify that the statement regarding total lead concentrations indicates that the six 
samples selected for red lead analysis will be the six samples with the highest total lead 
concentrations and therefore, the locations are not currently known.    
 
 
 







Facility Response to 30 Sept 2015 EPA comments: 
See Sediment Investigation/Sampling sections of Forms D and E for additional discussion to as to 
which samples will be selected for red lead analysis.  The SEM/EDS lead analysis will be conducted on 
sediment samples B-S1-A, B-S1-B, S5-A, S5-B, and on samples with the two highest total lead 
concentrations collected from locations within the four remaining Site Transects (S1 through S4). 


3) The fourth paragraph states that surface water samples will be collected at three locations. Why 
only three locations? How will these locations be selected? Typically, both a surface water and 
sediment sample should be collected at each location. Please provide a rationale for not collecting 
collocated surface water and sediment samples at each location shown in figure 2. 
 
Facility Response 
It must be recognized that the sediment samples will be collected at low tide in an area where the 
tidal water ebbs and returns twice a day. We have proposed collection of water samples at three 
locations within the Bass River to provide representative coverage in the area of the sediment 
sampling locations.  In our opinion, collecting 20 co-located surface water samples at a spacing 
of 50 to 100 ft in a tidal area would generate repetitive/duplicative data and does not address the 
primary data quality objective of evaluating nature and extent of metals in sediment.  


 
EPA Response: Why will samples be collected at low tide?  Sediment samples are often taken 
from a boat with a corer, so it’s not necessary that sample collection be restricted to low tide.   
 
It’s acknowledged that, being diurnal, co-located surface water may not be feasible because it 
would be difficult to definitively locate contaminant sources without a sampling design 
specifically for this purpose.  Therefore, we acknowledge all locations along each transect may 
not be cost effective.    
 
Alternately, and admittedly only a snapshot, it may be helpful to see if there is any contaminant 
transport “off-site” during one of the tides and three samples to give a “general condition” would 
not likely be sufficient.  It is suggested that one surface water sample be collected during either 
an incoming or outgoing tide at each “site” transect.  The sample should be collected from a 
location relatively close to shore where the highest concentrations of site related contaminants 
would have been deposited.  In addition, one sample should be collected directly “upstream” and 
“downstream” of the area under investigation, in the stream flow, to help evaluate the potential 
contaminant concentration coming on site and going off-site. This would likely be 6 surface 
water samples, minimum. 
 
It is recommended that surface water samples be collected at mid-tide when the flow is the 
strongest and at the most likely time off-site migration of contamination would be occurring.  
Collection of surface water samples at slack tide should be avoided.  Sediment samples can then 
be collected at low tide.  GPS should be used to confirm a surface water sample and sediment 
samples are collected in the same approximate locations (e.g., along the transect).   
 
EPA Response to revised document dated Aug 2015 
No further comment. 







4) Form D, page 1 of 2 
Surface Water Investigation 


Again, please provide a rationale for not collecting collocated surface water and sediment 
samples at each 20 locations proposed for sampling as shown in figure 2. 
 
Facility Response 
See Comment above. 
 
EPA Response: See comment above. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 


5) Please provide additional information regarding the use of PE samples? 
 
Facility Response 
Performance Evaluation (PE) samples, as described on From D, page 8 refer to the laboratory 
quality control samples utilized in the Data Usability Summary Report (DUSR) such as Blanks, 
Surrogates, and Matrix Spikes/Matrix Spike Duplicates.  


EPA Response: It’s not clear why there is reference to “…laboratory quality control samples 
utilized in the Data Usability Summary Report (DUSR) such as Blanks, Surrogates, and Matrix 
Spikes/Matrix Spike Duplicates.”  These are QA/QC samples.  PE samples are defined as “a 
sample, the composition of which is unknown to the analyst and is provided to test whether the 
analyst/laboratory can produce analytical results within specified performance limits. See Blind 
sample and Performance evaluation audit.”  
http://www.epa.gov/emap/html/pubs/docs/resdocs/qa_terms.html#pp 


Please revise the text accordingly and clarify if actual PE samples will be used. 
 
EPA Response to revised document dated Aug 2015 
The revised text is not appropriate.  Blind samples or performance evaluation samples are not the 
same as duplicate samples, matrix spike/matrix spike duplicates.  Duplicate samples are collected 
in the field.  Performance evaluation (PE) samples are prepared in a lab that is separate from the 
lab conducting the analysis for the project.  They are submitted as blind samples with the rest of 
the samples collected in the field.  These samples are submitted with known concentrations of 
contaminants (so cannot be samples collected at the site) and are used to independently evaluate a 
lab (i.e., conduct a PE audit).   
 
Facility Response to 30 Sept 2015 EPA comments: 
Performance evaluation (PE) samples will not be conducted and references to PE samples were 
removed from text. 


6) Form E Shallow Sediment Sampling 
If slag is present in the reference sample locations, the samples will not be considered 
reference samples. 







 
Facility Response 
The May 2012 QAPP Data Summary Report provided documentation that fill containing 
slag materials was present throughout the South Parcel and likely originated from the 
historical filling of the former tidal inlet during the early 1900s.  The presence of slag is 
likely in reference samples. 


 
EPA Response:  Again, if slag is present in the reference sample locations, the samples will not 
be considered reference samples.  Reference samples are defined as “New data collected from 
the least impacted (or unimpacted) area of the Superfund site, or from a nearby site that is 
ecologically similar to the Superfund site and is not affected by the Superfund site 
contaminants.”  Note RCRA Corrective action typically follows Superfund Guidance for site 
investigation.  
 
Selecting and Using Reference Information in Superfund Risk Assessments. ECO Update, Interim 
Bulletin, Volume 2, Number 4. Washington, D.C. Office of Emergency and Remedial Response, 
Hazardous Site Evaluation Division. Publication 9345.10. EPA/540/F-94/050. NTIS PB94-
963319.  
 
EPA initially suggested that reference sample locations be collected on the opposite side of the 
bay away from site constituent transport due to tidal flow and where it is less likely that any site 
related contaminants would be accumulated in significant quantities.  This area is heavily 
influenced by tidal flow and the “upstream” reference area proposed is immediately upstream in 
the bay rather than on the opposite side.  The most easterly transect is immediately downgradient 
of the other areas of the site (North Parcel surface water discharge area and area where slag was 
observed).  Consequently, is very likely to be impacted by site constituents and so not the 
definition of an appropriate reference area.  Again, EPA recommends that reference samples be 
collected across the bay from the areas of concern. 
 
EPA Response to revised document dated Aug 2015 
Refer to comment 9 below.  It is recommended that a third transect be added across the bay.   
 
Facility Response to 30 Sept 2015 EPA comments: 
A fourth transect was added in the area across the bay as a reference transect, with two additional 
reference sample locations added.  Now propose a total of eight reference sample locations.  See 
Figure 2.  References in text related to number of Reference Transects and number of sediment 
samples to be collected have been adjusted to reflect fourth Reference Transect added. 


7) Please provide the rationale for sample location selection as previously discussed in email 
from Steve Clough dated May 1, 2014. There appears to be if any samples where the majority of 
slag was observed in the banks and along the shoreline. 
 
Facility Response 
An objective of the program is to discriminate between lead from the boat yard (e.g. red lead 
used on boat hulls) and lead from the site.  The “in between” area (between the sites) would most 
likely be a mix of both sites which would not provide meaningful information.  Sampling layout 







was designed in an effort to maintain a consistent spatial distribution of the sampling locations 
and, at the same time, keep the transects perpendicular to the shoreline. 


 
EPA Response: To clarify the second sentence in the above comment from EPA, “There does not 
appear to be a proposal to collect any samples where the majority of slag was observed in the 
banks and along the shoreline.”  Red lead is only one COC and does not justify no sample 
collection where the majority of the slag was observed.   Samples should also be collected 
between the boat yard transects and site transect S4. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 


 
8) Reasoning for sample collection in front of the boat yard:   
 
Facility Response 
As per the above response, our client should not be responsible for lead emanating from any lead 
paint used to preserve boat hulls that may have subsequently migrated downgradient of the boat 
yard.  Our previous report included a microscopic analysis that attributed much of the lead in the 
soil samples to “red lead”, which is indicative of a source other than slag at our site. 


 
EPA Response:  Agreed, it makes sense to try to get a “signature” from a similar but none site 
related source.      
 
EPA Response to revised document dated Aug 2015 
No further comment. 
 
9) The reference sample locations could be impacted from the site or other sources in the area.  
Perhaps there are more appropriate locations, further downstream (from the reference transects 
shown) and across the bay from the area of concern.   
 
We chose these locations because concentrations in sediment should represent “local conditions” 
(this site is estuarine so the term “downstream” is not entirely accurate).   We are also concerned 
about access over private property as one moves further to the south  
  
EPA Response: However, it is likely, unless proven otherwise that the proposed reference area is 
“impacted” by constituents from the area under investigation which would dismiss the proposed 
area as a reasonable reference area candidate.  Access to more appropriate reference areas (i.e., 
on the opposite side of the bay), can certainly be gained with a small boat rather than traversing 
private property or, in the interest of  carrying this investigation out properly, it is worthwhile to 
inquire about landowner access for the explicit purpose of  the one-time sampling event.  EPA 
can provide assistance with gaining access if necessary. 
 
Again, EPA initially suggested that reference sample locations be collected on the opposite side 
of the bay away from site constituent transport due to tidal flow and where it is less likely that 
any site related contaminants would be accumulated in significant quantities.  This area is 
heavily influenced by tidal flow and the “upstream” reference area proposed is immediately 







upstream in the bay rather than on the opposite side.  The most easterly transect is immediately 
downgradient of the other areas of the site (North Parcel surface water discharge area and area 
where slag was observed).  Consequently, is very likely to be impacted by site constituents and 
therefore is not an appropriate reference area.   
 
Because the comparison to reference area conditions is likely to be a critical deciding factor, it is 
important to minimize any question of the presence of site related constituents.  Again, EPA 
recommends that reference samples be collected across the bay from the areas of concern. 
 
EPA Response to revised document dated Aug 2015 
Two of the three proposed transects were moved across the bay.  Four reference sample locations 
is not a very significant number.  It is suggested a third transect also be included in the area across 
the bay while also retaining the other three proposed transects.   
 
Facility Response to 30 Sept 2015 EPA comments: 
A fourth transect was added in the area across the bay as a reference transect, with two additional 
reference sample locations added.  Now propose a total of eight reference sample locations.  See 
Figure 2.  References in text related to number of Reference Transects and number of sediment 
samples to be collected have been adjusted to reflect fourth Reference Transect added. 
 
10) A duplicate sample should be collected even if less than 20 sediment samples are collected. 
 
Facility Response 
Agree.  Collection of a duplicate sample is planned as outlined in Form M-2. 
 
EPA Response: Acknowledged. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 
 
11) Surface Water Sampling 
At what depth will the samples be collected? 
 
Facility Response 
Surface water samples will be collected at mid-depth of the water column at time of sampling. 


 
EPA Response: See response to comment 3 above.  Mid-depth is acceptable as long the 
progression of sampling is to approach each location into and against the stream flow direction to 
avoid sample contamination.  In addition, because surface water conditions are likely to be 
shallow, every effort should be made to minimize sediment disturbance.      
 
EPA Response to revised document dated Aug 2015 
No further comment. 
 
 
 







12) Form L 
Precision and accuracy not defined except for mercury. Please provide a page number, 
appendix or some more complete information where this table can be located. 


 
Facility Response 
Form L refers to SOP: Table 2 for analytical precision of metals other than mercury.  As listed in 
the Table of Contents, Alpha Analytical Laboratory SOPs are included in Appendix A which was 
previously provided.  


 
EPA Response: Acknowledged. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 


13) Please revise Form L table, page 1 of 2 (page 25) to include units for MDLs and RLs. It’s 
not clear why two complete sets of MDLs and RLs are included here. 


 
Facility Response 
Requested revision will be made in an Addendum Sheet to QAPP, to be submitted following 
consensus on our responses to the balance of your comments herein.  
 
EPA Response: Acknowledged. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 
 
14) Please include surface water reporting limits and screening criteria.   
 
Facility Response 
Requested revision will be made in an Addendum Sheet to QAPP, to be submitted following 
consensus on our responses to the balance of your comments herein 
 
EPA Response: Acknowledged.  Ensure that the RLs for each COPEC is lower than the 
corresponding screening effects criteria.     
 
EPA Response to revised document dated Aug 2015 
No further comment. 


 
15) Please provide a clear distinction between sediment and soil RLs/MDLs and screening 
criteria.   


 
Facility Response 
Requested revision will be made in an Addendum Sheet to QAPP, to be submitted following 
consensus on our responses to the balance of your comments herein 
 







EPA Response: Acknowledged. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 
 
16) Please revise the table to better align the data, starting with the line for lead. 


 
Facility Response 
Requested revision will be made in an Addendum Sheet to QAPP, to be submitted following 
consensus on our responses to the balance of your comments herein 
 
EPA Response: Acknowledged. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 


17) Additional samples need to be collected for matrix spike/matrix spike duplicates. Although 
the collection of a duplicate sample is discussed in form E, this does not appear to be a 
MS/MSD sample. Please provide clarification in the text and tables as appropriate.  
 
Facility Response 
Collection of a MS/MSD sample for metals is specified at a 1:20 sample frequency in Form M-2. 


EPA Response: It would be appropriate to also discuss the need to collect additional samples for 
QA in form E and within the text. 
 
EPA Response to revised document dated Aug 2015 
No further comment. 
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